NASA /TP—1998 —208530

Reusable Rocket Engine Operability
Modeling and Analysis

R.L. Christenson and D.R. Komar
Marshall Space Flight Center, Marshall Space Flight Center, Alabama

National Aeronautics and
Space Administration

Marshall Space Flight Center

T

July 1998



Acknowledgments

Many made contributions directly and indirectly to this effort that are much appreciated. These include Robert Beil,
Ron Liston, Jennifer Ringelberg, Richard Brown, William D. Morris, Edgar Zapata, Russ Rhodes, Michael Nix, Fred Huffaker,
and Barney Holt. A special thanks to Richard Ryan, who supported the requirements definition and to Bruce Fleming, who
supported the extensive data collection necessary to conduct these analyses.

Available from:

NASA Center for AeroSpace Information National Technical Information Service
800 Elkridge Landing Road 5285 Port Royal Road
Linthicum Heights, MD 21090-2934 Springfield, VA 22161

(301) 621-0390 (703) 487-4650

ii



TABLE OF CONTENTS

1. INTRODUCGTION .....ootiiieiieeiteiteiteeetetesstestsesaesenssnessesenesessetasaastae s sesesssasbessssesaeasnansenneas 1
2. BACKGROUND ..ottt steeesae s s sssassasess s e s ete s b e s sn e s assssbnssbe st e asaeesbananennnas 3
3. OPERABILITY ASSESSMENT METHODOLOGY ......oociviiiiiiiiiieeiirennseeicc e 4
AL APPIOACH ..t 4
B. Key Concepts and Definitions ........cocccviiiiiieiinieniniiernnsnncteeeec e 7
C. Modeling and UNCErtainty ..........ccccoieviiiiiniiiimiiieniieiciesestsstissesss e 8
D. Process FIOW DefiNition .........ccceiirimiiiiiiiiimiiiiiiniis sttt 9
4. MODELING TOOLS ..ottt sress e s bt s e s b sas s st as e e s esnesonens 10
5. BASELINE ENGINE OPERATIONS DATA .....cooooiiiiiiiiiieiecrns st 11
A, Datd COUBCHION ....eeieiieeiieriiereite e eee et stb e s e st s et a s b e e s s e b et n e s ene s aeabaesneasannanes 11
B. Scheduled ProCeSSing .....c..cooveeiiieiieiiiiniiiiiiiiiiiie it este s sta st st 12
C. Unscheduled ProCessing ........cccecceerniernciniinnniiiiniinieiesresssees st e e s eenesnnes 15
D. Baseline Requirements Database ........c.covuiiriiinieeniiiinccecnten 17
6. MODEL DEVELOPMENT AND RESULTS ....coooiiiiiiitieniet i 19
A. DeterminisStic MOdEl .......ovouvireiiiiiiinintiictiiect et 20
B. Probabilistic MOGEL .......ccovueriereeeinienieerceienciinit ettt ss e s be st s eaase s 23
7. CONCLUSIONS ....cutiitieieeeeeirareeeaeeseessteseesstessessassstessssssnsssssassssnasasssnssessassasssssassssssessassesas 32
Appendix A—Engine Operations Requirements Database ..........ccccovvvemiininnnmnnniiiinnin 33
Appendix B—Scheduled SSME Operations Data............ceeviiinieiiininnncnncsn 45
Appendix C—Unscheduled SSME Operations Data .........cccoooiviinininnininiiini 66
Appendix D—Pertinent SSME Results From Analysis of Data Collected .........ccoconeinniiiiiiinnn. 73
Appendix E—Reliability of Engine Sets With-Engine Out Capability .........ccccocoeiiinecncnnniiiiicninnn 77
REFERENCES .....oooteeiieiiieiesieeeeeestereeeseeessesae st aessostassssnssesanssasssssessensessssssasssssssssssnsaessessssssesnenne 80

iii



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

LIST OF FIGURES

DiSCIPHNES N AESIZN ......oviiiiiiiiiieetete ettt et s et e et et e e e reeee e 1
Launch vehicle process flow—operational phase .............cc.coovvviiiieiiecenieeereeeeeeeeveeeseveeaens 4
Operability assessment MEthOAOIOZY .......cccovveeeeuiriririreernieeierire ettt eeee e eee e 5
Design-to-operations analysis apProach ............cccceeeeeeeeeuieieicierieicceeee vt 7
Operations modeling and data COIECtION PrOCESS ...........ceeveveveverivirriecireeeeieeeeereseeseeeeeeeeseeeeeeen. 11
OPF SSME postflight OPEIations ..........cocvvvevieiiiiriiriieieeiereteeeeetceec oottt s e seee e eeeeneans 12
OMEF SSME OPETALONS .....cc.eemiteieuiruirientraeentestisseseseeeessseerestesestseeeeseseesaessessesssnesseessesssssessenes 13
OPF post-SSME installation OPErations .............cccoeeeceueeiineuetetereenseseseteescsseeesesesseeseeeeneeenes 13
SSME VAB/pad processing OPETAtIONS ..........ccoevvererruresserererereresereseresessisssssssssssssenseseseesosseeseens 14
Example of detailed model—HPFTP removal and replace ...........cooueeveeiveeecenieieieeeneeeereeeereenenens 14
SSME Dase RER ......oouiiiiiiiiitce ettt bttt e nee 16
Requirements to process defiNItION .........ccceoceverrreeieueeeeeeireeeeetcreece et e e se e e seens 17
Engine Operations ProOCESSINE ..........coeceereerreririrenssrnissessieseensesesesesesesssssssessssssesessosenessesonessens 20
Hierarchical enging MOl ...........ccceirieririneiiiiiinietcie ettt ettt s sne e eeene 21
Extend reusable engine operations model ..............cccoeeuivieeeerieeeiiiieceiree et 25
Operability MEasures by ProCess tIMNE ......cceveeereereieereereeieeeisiieeeeeeeseeeeeesesseseesseessesesesessesssseen 28
Impact of reliability 0N OPErability ........ccccccevirerieiiieiitieeeer ettt ee s 29
Operability metrics by TEHADILILY ..........ccovrrueiriernririeiet ettt sa e eeereeseseea 29
Engine operations manhours/Cost analysis ............cceceevieveeririirieirereeeisseeereeeeseeseeeeeeeeraeeesssaees 30
Base MR GCCEDL ..ottt s st e et s et st s e et nees 66

iv



21.

22.

23.

24,

25.

26.

27.

28.

LIST OF FIGURES (Continued)

Base MR TEPAIT .....eoueemieciirciiiieteirc sttt et et 66
Base PR ACCEPL ....cooviiiiiiiiiiiiiiiitctict ettt s 67
Base PR TEPAIL .....oooviiiiiiiiiiitiiiiiit ittt et st s b et 67
Base WaIVEI/EXCEPLION ..cccuueeuiriieiiiiiiiiiiicnie ittt e et s e e s e st ste e sttt st s snecsan st e st e e 67
Total SSME manhours by ProCess LYPE .......coouiiiiiiiiriniiiriiiniinsiiinieeseceeeseiaeeesncessnce st 73
Scheduled SSME manhours by process type .....c..cocvveeierieiiiniiiiniionecnene e 74
Unscheduled SSME manhours by Process typPe .......coeeviieieniiniiniienisniinencenteceitcncsiscnnnns 75
SSME manhours DY PrOCESS LYPE .....coourreviriirimiiiiiinrieiesiieeeniesiestasstssssesiessce st sbe e sasns 76



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

LIST OF TABLES

SSME PR classifiCation SUITMATY ............ccecurireerterieeeeeieeiereteseceeesseseeseeseseeeseseesseesssesesssssssseas 15
OMRSD/OMI database with requirements rationale ..............ocoeeeeievieeeniieeeneeeereeeeeeeessereseeaens 17
SSME unscheduled maintenance EXPEeriEnCe ..........cceeviuereeeiiveiseiniieisieiieeeeeseseeeeseeseesesessasesnas 22
Goal-oriented engine operations tHMELINES ...........cccveeeuerieveeererieeeiceiieiee oot eeseseasees 23
Results of probabilistic analysis ...........cccccecivrrreiniiniicccecccecce et 27
Probabilistic model uncertainty imMpPact ..........c..eceveeveiiiieieieceecee et ee e ee e 28
Engine processing manhours and launch delay reduction ..............c..ccocovivecceoneeeeieeseeeeeseeesnn. 30
Engine requirements database ..........c..coceveeuirriiniineiin ettt e e 34
OPF SSME postflight planned OPErations ...........cccocevueieueuieeeeierieiiceeer e s e s ses e 46
OMEF SSME planned OPETALONS ..........coevereerreieieeeereiretessesieeseeesesseseeseseesseesessessssessessessssses 47
OPF post-SSME installation planned OPerations ..............ccoooeeeevieieiieieeeeeeeeeeereeeeeeeeeeereessseanas 48
SSME VAB/pad processing planned OPErations...............cveveueueerieeeseeriesiereeereeeseeesseessssssssennas 49
OPF rollin to SSME remOval taSKS .......cceceeerrireiiriererinteietiie et eveeseensee s e e enase s 50
Engine shop turnaround tasks ...........ccovurineeieenrnieinsieiseieeseee st cesese e s s e s eessseneseseanas 55
Engine installation to OPF rollout tasks ..........ccceeerurueereerereeineieteececsieteseesene e sensesse e sesenas 56
VAB rollin t0 JaunCh taskS ..........cccoveuemeiieieinieinieirieeneneesie ettt sne e ene e eeneeans 60
Example of detailed data for scheduled processing in OMEF ...........coooveeeeeneoeereeeeeserennns 65
SSME unscheduled processing SUMMATY ..........c.oeeveiiueiireneiieiieeeeesseseseseseeseeessesessesesessesseens 68
Example of detailed data for unscheduled processing............o.oeeveeerenvieeeereeeereereeeseeerereereens 72
Engine out capability COMPATISON .........ccceeueeuiiieiiecricteeeeeieeeteeee ettt ee e e e e s e ons 77
Engine out and time of engine OUt COMPATISON ........couvviveieererireniiteeereeerie e eeeereees e seeseeeesene 79

vi



CAPSS
DAR
ELV
EMA
gox
GSE
HPFTP
HPOTP

KSC
LH»
LO;
MDT
MR
MS
MSFC
MTBF
MTBM
MTTR
NASA
OMEF
OMI
OMRSD
OPF
PR
PRACA
R&R
RLV
SSME
STS
TVCA
VAB

ACRONYMS

Computer-Aided Planning and Scheduling System
deviation approval request

expendable launch vehicles
electromechanical actuator

gaseous oxygen

ground support equipment

high-pressure fuel turbopump
high-pressure oxidizer turbopump
specific impulse

Kennedy Space Center

liquid hydrogen

liquid oxygen

mean downtime

material review

Microsoft®

Marshall Space Flight Center

mean time between failure

mean time between maintenance

mean time to repair

National Aeronautics and Space Administration
orbiter main engine facility

Operations and Maintenance Instructions

Operations and Maintenance Requirements and Specification Document

orbiter processing facility

problem report

Problem Reporting and Corrective Action
remove and replace

reusable launch vehicle

space shuttle main engine

Space Transportation System

thrust vector control assembly

vehicle assembly building

vii






TECHNICAL PUBLICATION

REUSABLE ROCKET ENGINE OPERABILITY MODELING AND ANALYSIS
1. INTRODUCTION

The reusable launch vehicle (RLV) cooperative development program between NASA and the
aerospace industry demands the design of cost-effective vehicles and associated propulsion systems. In
turn, cost-effective propulsion systems demand minimal and low recurring costs for ground operations.
Thus, the emphasis early on in this program should be effective operations modeling supported by the
collection and use of applicable operations data from a comparable existing system. Such a model could
support the necessary trades and design decisions toward a cost-effective propulsion system development
program. These analyses would also augment the more traditional performance analyses in order to support
a concurrent engineering design environment.!-4

In this view, functional area analyses are conducted in many areas including operations, reliability,
manufacturing, cost, and performance, as presented in figure 1. The design engineer is responsible to
incorporate the input from these areas into the design where appropriate. The designer also has the
responsibility to conduct within and between discipline design trades with support from the discipline
experts. Design decisions without adequate information from one or more of these areas results in an
incomplete decision with potential serious consequences for the hardware. Design support activities in
each functional area are the same. Models are developed and data are collected to support the model
analysis. These models and data are at an appropriate level of detail to match the objectives of the analysis.
Metrics are used in order to quantify the output. This is an iterative approach that supports the design
schedule with results updated from increasingly more detailed design information.

Performance

"
_Reliability

Figure 1. Disciplines in design.



Currently, in aerospace applications, there is a mismatch between the complexity of models (as
supported by the data) within the various disciplines. For example, while good engine performance models
with accurate metrics exist, the use of absolute metrics of reliability for rocket engine systems analysis is
rarely supported. This is a result of the lack of good test data, lack of comparable aerospace systems, and a
lack of comparative industrial systems relative to aerospace mechanical systems. Metrics also tend to be
less credible for reliability. There is, as yet, not a comparable reliability metric that would allow one to
measure and track reliability as the engine specific impulse (Isp) metric allows one to measure and track
engine performance. Performance models such as an engine power balance model or a vehicle trajectory
model tend to be of good detail, with a good pedigree, and the results well accepted by the aerospace
community. The propulsion system designer has to be aware of these analysis fidelity disparities when it
becomes necessary to base a design decision on an analysis.

There is a need to develop models to obtain different objectives. Early in a launch vehicle development
program, a top-level analysis serves the purpose of defining the problem and securing top-level metrics as
to the feasibility and goals of the program. This “quick-look” model effort serves a purpose—it often
defines the goals of the program in terms of performance, cost, and operability. It also is explicit about the
need to do things differently in terms of achieving more stringent goals. A detailed bottom-up analysis is
more appropriate to respond to the allocation based on an indepth study of the concepts. The “quick-look”
model is appropriate if the project manager is the customer; the detailed analysis is directed more at the
design engineer. Both are of value. The “quick-look” model also may serve the purpose of the allocated
requirements model, the model to which comparisons are made to determine maturity of the design. It is
inappropriate to use the data that supported the allocation of requirements to also support the detailed
analysis. Although often done, this is inappropriate and could lead to misleading results.

The acquisition of good data is a traditional problem for the definition of baseline systems for
aerospace launch vehicle operations analyses. For all models developed here, the Space Transportation
System (STS) and the space shuttle main engine (SSME) are used as the source of historical reusable
vehicle and engine systems operations experience. For the detailed model, the approach demands the
identification of the requirements for SSME ground operations and the root source of the requirements.
From this, a reusable engine model is developed that is based on the SSME operations model. This is done
through incremental modification of the baseline operations model based on the proposed changes from
the SSME to the reusable engine. The modifications of these processing activities are based on changes in
hardware configuration and technology, processing technology improvements, and operations philosophy.
The reusable engine system model is then traceable to past requirements and historical experience. This
modeling approach supports credible operations modeling and analysis. In this paper, the baseline SSME
model and a demonstration of its utility are presented.



2. BACKGROUND

The lack of historical data in support of aerospace launch vehicle operations analyses is acute. Data
are either unavailable due to not being collected or not public, or are so highly aggregated as to mask
needed detail at the process level. Top-level models generated by existing data were generally useful only
for supporting programmatic goal discussions. Discrete event simulation models have often been models
of choice.5-7

One approach to aerospace launch vehicle operations analyses is to compare with aircraft data.
This information is generally more readily available and in the proper format with data collected from a
maintainability point of view. Several papers have taken this approach.89 While this data supports good
model development, the question of applicability of results is more of an issue. This is especially true of
rocket and aircraft propulsion systems with major differences in configurations, environment, and operating
philosophy. Specifically, these differences include operating environment; operating temperatures, pressures,
and thrust; ability to idle, taxi, and loiter aircraft engines and vehicles; use of cryogenic fuels on rockets;
large performance margins on aircraft; nonintrusive health management of aircraft propulsion systems;
and, perhaps the major difference, a philosophy of use with aircraft that tolerates test and operational
failures (and even loss of life).

Ground operations analyses have also been conducted for aerospace launch vehicles based on
available STS operations data.!0.1! Although the available data were found to be insufficient,!2 existing
databases can be augmented by other sources, such as the experience of launch site personnel. This study
builds on this approach. The SSME is regarded as the most directly applicable baseline for comparison
with future and similar liquid oxygen (LO,)/liquid hydrogen (LH;) rocket systems. Thus, for this effort,
extensive data collection was undertaken for STS propulsion systems to augment the existing databases. A
baseline set of propulsion systems ground operations databases has been developed with the goal of
supporting detailed engineering analyses of process and manpower requirements for future propulsion
system concepts.



The operability assessment methodology described in this document reflects an end-to-end process
flow model that models the uncertainties inherent in the attributes of the process flows. This approach
attempts to substitute a rigorous and objective structure for more qualitative types of judgments and to
focus design experiences to help determine areas of design confidence. It is to be used upfront in the design
process and combines past flight vehicle experiences with design analysis to determine cost and schedule
parameters of interest. It can be used in the analysis of any process flow where the goal is to optimize

3. OPERABILITY ASSESSMENT METHODOLOGY

A. Approach

processing in order to minimize cost and schedule impacts.

The continuum of process flow activities includes development through manufacturing, assembly,
and operations. For this modeling effort, the emphasis will be on the operational phase only. Figure 2
presents the flows of the operational phase of a launch vehicle, a subset of which will be the focus of this

analysis.
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Figure 2. Launch vehicle process flow—operational phase.



The process flow model avoids estimates of cost and schedule parameters based upon nonspecific
design characteristics such as weight and the use of integration “scale factors.” In this modeling effort, cost
and schedule indicators will be based upon realistic, high-fidelity process flows targeted against the current
design configuration.

This approach incorporates past vehicle development experiences in terms of experience databases.
These are critical parts of this methodology and are explicitly included in the approach. Since it is often
difficult to obtain historical data to support these design decisions, a significant effort was undertaken to
identify, incorporate, and appropriately structure this information for use with the process flow model.

Figure 3 presents the input flowing to the proposed process flows of a new launch vehicle. The new
vehicle requirements and design configuration contribute in the definition of flows as does information
gathered relative to historical launch vehicle flows. Data and requirements that are applicable from past
launch and flight vehicles, including aircraft, expendable launch vehicles (ELV’s), and the STS, may be
used to generate or edit proposed flows and will be the main source of what is required (attributes) by these
process flows in terms of manpower and schedule. The design and proposed flows will be continually
updated, thus the approach is iterative. Also, historical data will be useful in providing insight into the
traditional problems associated with the proposed process flow. Finally, new systems may require certain
technology or special analyses to determine the operability of the system. This is also input to the process
flow definition process. All of this information is, of course, subject to adaptation and interpretation by the
design, manufacturing, and operations engineers. These groups and others must be involved at the outset in
order for this to be a truly concurrent engineering effort.

Low-Level Analyses
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-~ Vehicle Configuration - Technology Activities
o Requirements and Design Requirements
Flight Vehicle Requirements Docs
Y Y
Vehicle
Process Flow
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Figure 3. Operability assessment methodology.



The lessons learned on other vehicles implicitly affects current design engineering efforts and also
serves to organize the search for applicable historical data. For example, the problems of past hydraulic
systems on flight vehicles may cause the design engineer to attempt to include an electromechanical actuator
(EMA) subsystem into the current design. Also, this “lesson learned” can serve to organize the identification
of historical process flows, requirements, and experiences. Organized appropriately, historic processes
associated with hydraulics can be easily pulled from the database, thus facilitating the analysis of this
problem area by an appropriate design engineering team. This step of the methodology involves more of a
qualitative assessment than a quantitative one. However, there is a structure surrounding the use of “lessons
learned” that reflects the need to evolve and iterate this process with the “lesson learned” information.

Once the process flows and associated attributes have been defined, the modeling of the flows to
generate quantifiable performance measures can be supported. The probabilistic nature of the system is
clear due to the uncertain environment. Sensitivity studies, design change studies, and operability assessment
studies are all supported.

A top-down approach is utilized in identifying and tracing process flows. At the outset, this
hierarchical method is useful in identifying major cost and schedule drivers and assists in the allocation of
scarce resources in the further analysis of the lower-level process flows. The danger of low-level analyses
is the danger of misallocation of scarce resources to analyses that are not clearly important cost or schedule
drivers. A top-down approach creates traceability of functional flows at each level in the hierarchy. It also
serves to document and allocate the top-level program requirements. Its usefulness is limited to a “quick-
look” analysis and for comparison purposes with the detailed analyses.

This methodology is designed to incorporate results from bottom-up analyses. Systematic evaluations
of low-level process flows in terms of cost and schedule attributes will feed a detailed modeling activity.
Once both models exist and comparisons are supported, both goals and actual timelines are subject to
change: the top-down apportionment can be reallocated or changed; and the bottom-up reanalyzed and
adapted to design changes resulting from changes incorporated into the design influenced by this modeling
activity. Given this approach, the initial emphasis of this effort will be on supporting relative comparisons
among design changes. Upon completion of an appropriate level of detail, accurate estimates can be
generated.

Figure 4 provides an overview of this two-pronged approach. First, a goal timeline is created from
a future launch vehicle operations concept. Making this goal reflect an actual design is desirable if such a
design exists. However, these are goals, and as such, are meant as comparison points for a bottom-up
engineering analysis of a historical baseline system. The second prong is this bottom-up effort, which
provides an experience base and supports traceability to design, technology, and process improvements for
the future launch vehicle propulsion system. This bottom-up effort is the focus of this paper. A previous
paper!3 presented the goal-oriented approach, with both scheduled and unscheduled processing included in
the goal flows. By nature, this approach is iterative. Comparing the historical estimates against the goals
provides an identification of key differences. Design decisions will seek to lessen these differences—
larger differences seeking the most design effort in an appropriate design manpower allocation process.
The design will change and so also will the goals. Unrealistic goals and requirements will be identified and
adjusted. Trades between performance and operations or cost and operations will be key for the overall risk
assessment. A previous paper also laid out an example of such a bottom-up analysis based upon experience
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data.14 Yet another paper points out the need to begin with experience-based requirements for this type of
bottom-up analysis.!5

Performance requirements as defined in requirements documents are allocated to a lower level and
serve as goals for the system designer. One of the purposes of this effort is for the quantification of operability
measures to support the comparison of the design against the requirement. Thus, this methodology serves
to verify the relationship between design decisions and the fulfillment of design objectives. Furthermore,
an appropriate quantification can serve to support the analysis of the current design suitability against a
previous design. In this sense, both absolute and relative measures of merit are generated in this modeling
approach. However, before a fully detailed model supporting the generation of absolute measures can be
generated, a top-down flow can support the relative model comparison of critical use to the designer. A
designer involved in a specific area of design can “stub” in the other parts along with their schedule and
cost estimates and work in detail in their appropriate design area.

B. Key Concepts and Definitions

Establishing good measurable metrics is key to any functional area analysis methodology. Following
is a discussion of key operability definitions and metrics.

Operability—the ability to support required flight rates and schedules and to meet a variety of
operational characteristics while minimizing cost and risk. In this definition, operability is not directly



measurable. Common metrics for operability include availability, turnaround time, and dependability. The
definition of operability touches upon several key ideas including those of minimizing cost and risk. Risk
may be defined as an expression of the likelihood and consequence of an event of interest. Risk involves an
attempt to understand the uncertainty in and between the functional areas of the design. This emphasizes
the need to model an end-to-end system.

Dependability—probability of achieving a given launch without sliding the schedule on the next
launch, given that the system is not in postfailure standdown; if hardware, the ability for the hardware to
perform as needed when needed. Often defined in terms of probability of launching within x days of the
originally scheduled launch date.

Availability—fraction of time the system is operational rather than in standdown or delay; the
probability that a piece of equipment will be capable of performing its mission when needed rather than
being unserviceable due to failure, delays, or intentionally or unintentionally removed from service for
maintenance or testing; is useful as metric for both hardware and processes; inherent is mean time between
failure (MTBF)/(MTBF + mean time to repair (MTTR)); operational is mean time between maintenance
(MTBM)/(MTBM + mean down-time (MDT)); also, scheduled time/(scheduled + unscheduled time). This
latter definition is more aerospace-oriented given its acknowledgment of few vehicles that require extensive
processing due to leading-edge technologies and cryogenic fuel operations. The traditional definition of
availability is directed more at the military and commercial aircraft operations where there are large fleets
of vehicles and preflight operations are relatively minimal. The process definition of availability is more
suitable for this discussion and will be referred to throughout this analysis. Also, in this definition, a system
is penalized only for unscheduled maintenance activities that occur on the critical path.

Turnaround Time—a measure of maintenance having to do with time from last recovery to next
launch.

Reliability—probability of successfully concluding a mission segment; probability that an item
will perform a required function under stated conditions for a stated period of time. Though metrics for
reliability are not often included in operations analyses, reliability of the components and systems plays a
critical role in determining the operability of the system. The operability study in this paper will include
engine reliability measures.

C. Modeling and Uncertainty

The goal of any modeling activity is to accomplish accurate quantification in as realistic an
environment as possible. This involves the need for quantifying in the presence of uncertainty. Thus, the
model should ultimately be reflective of a probabilistic approach. Uncertainty is not only reflected in the
accuracy of the information that exists but also in the availability of information that may lead to an
inability to effectively model the system. These are both important pieces of information—manpower can
be allocated to obtain the data or to complete the analysis that is required to lessen the uncertainty. The
analyses cannot entirely eliminate the uncertainty associated with a process flow but are intended more to
understand the extent of the uncertainty. Indeed, if no uncertainty exists in a design, no decisions are
necessary.



There are several sources of uncertainty inherent to a process flow, including variation of nominal
processing; that is, a process scheduled for 5 hr may actually take 4 hr one time and 6 hr the next. This can
be modeled through the selection of an appropriate process time distribution supported by empirical evidence.
Other realistic scenarios that will affect the schedule and cost include process failures, equipment failures,
and associated unscheduled maintenance activities. Also, delays due to repair times, queuing delays, and
waiting for resources can affect the planned schedule. The weather is a major source of delay at time of
launch.

D. Process Flow Definition

The types of documents and databases used to generate the process flow for this analysis may be
identified. In the case of the world’s only RLV, the space shuttle, the documents that describe the requirements
and the implementation of the requirements are the Operations and Maintenance Requirements and
Specification Documents (OMRSD) and the Operations and Maintenance Instructions (OMI), respectively.
Applicable process requirements and flows have been obtained from these sources for the specification of
new vehicle operations process flows.

Some attributes of the proposed flows can be obtained from the electronic database system in use
by the STS program. The STS Computer-Aided Planning and Scheduling System (CAPSS)!6 contains the
nominal schedule and manpower requirements while the Problem Reporting and Corrective Action
(PRACA)!7 supplies the information on the problems and off-nominal flows that occur throughout STS
processing. Other commercial launch vehicle data such as Titan, Atlas, and Delta operations requirements
documents and operations experience databases, if available, can also support this type of analysis. Data
requirements include both nominal and off-nominal process times and resource requirements. Mean time
to repair along with incidence of repair are typical performance measures derived from such databases.

As stated earlier, the data that supports the allocation process and the data that supports the detailed
design evaluation should come from separate sources. In aerospace analyses, this is often not the case,
primarily due to the lack of good data. While rough parametrics from one detailed source may feed the
allocation process that uses several sources, this kind of analysis should be discouraged. At best, this kind
of analysis is redundant and provides little confidence that the conclusions reached are correct. It could
lead to inaccurate and misleading conclusions, resulting in a misallocation of design resources.



4. MODELING TOOLS

Several good off-the-shelf software packages fit the need to support operations model development.
A process flow model is the model of choice: it allows the analysis of timelines, schedule dependencies,
resource requirements, and supports the generation of measures of operability including recurring costs,
availability, and dependability. The models used here utilize Microsoft® (MS) Project!® for deterministic
flow analysis and Imagine That!® Extend™ software!® for probabilistic support. The benefit of MS Project™
as a process modeling tool is its ability to graphically represent detailed tasks in Gantt charts, allocate and
track resource levels, and filter project information. Inputs to the model include the task description, resource
allocation, task duration, and establishment of task precedence. MS Project™ is generally all that is required
to do the “quick-look™ analysis—layout top-level requirements and allocations to subsystems and
components. Charts, tables, or reports can be customized to output the level of detail desired by the user.
Extend™ allows us to apply the model in a discrete-event simulation format. It supports ease-of-input
(icon-based), provides good report-generation capabilities, is well supported and tailorable with source
code available, and provides animation capabilities useful for display and debugging purposes.
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5. BASELINE ENGINE OPERATIONS DATA
A. Data Collection

The data collection process was a considerable part of this activity. This section will discuss this
process and the data in some detail. Data were collected from a task-by-task point of view: what is required
to complete only this task. Often times data are collected from a time-reporting point of view, making it
difficult to determine actual task time. Appendices are provided to this document that will contain the data
collected. An overview of the SSME data collection in support of the operations modeling approach is
shown in figure 5. The analysis consisted of three parts: deterministic model of allocated processing,
deterministic model of unscheduled processing, and the probabilistic model. This section discusses the
baseline SSME inodel in the context of the deterministic modeling approach (both scheduled and
unscheduled) and the baseline requirements database that is the foundation for all SSME processing activities.
A complete presentation of the SSME operations database resides in appendices A (requirements),
B (scheduled), C (unscheduled), and D (results).
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Figure 5. Operations modeling and data collection process.
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! in MSProject Input Data Table :
Operations - Build Excel/ Workbook
to Tabulate

Process-Level Data

11



B. Scheduled Processing

The first step was to define the nominal SSME processing flow. This was accomplished with
flowcharts that identified the OMI-level processes and the location/facility in which the process was
performed. SSME component life limit issues dictate that engine removal be scheduled each processing
flow to allow the SSME’s to be processed offline in the orbiter main engine facility (OMEF). Thus, in
addition to the every flight requirements defined by OMRSD, nominal processing, for the purposes of the
model, included SSME removal in the orbiter processing facility (OPF); SSME processing off-line in the
OMEF,; high-pressure turbopump removal and installation in the OMEF; and SSME installation in the
OPF.

Data collected relative to SSME processing is presented in figures 6-9. Figure 6 identifies the
OMTI’s and the serial and parallel nature of the process flow for the events that occur immediately after
flight in the OPF. The engines are then moved to the OMEF. Figure 7 presents the processes and flow for
this facility. After processing in the OMEEF, the engines are returned to the OPF to be reinstalled on the
vehicle. This process is shown in figure 8. After installation, the engine processing steps that occur during
the vehicle assembly building (VAB) and pad operations are defined (see fig. 9). The detailed SSME
scheduled data that matches the OMI’s in figures 6-9 appears in appendix B. These data are quite extensive,
breaking out process flow dependencies, clock hour, and manpower requirements by type for each engine
process. It should be noted that not all engine processing is fully represented here. Some routine and
periodic actions associated with minor OMI’s, job cards, or deviation approval requests (DAR’s) were
excluded in order to present a system that can be represented in a model as an operational system. It is
arguable as to whether or not the Shuttle system is a fully operational system. There are too many things
that are done that are not necessarily repeatable from a modeling point of view. For example, the exact
order of engine processing in the OMEF is subject to visibility, manpower available, and priorities in place
at the time of repair, making this aspect difficult to model.
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Figure 6. OPF SSME postflight operations.
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Figure 7. OMEF SSME operations.
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Figure 8. OPF post-SSME installation operations.
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Figure 9. SSME VAB/pad processing operations.

The data that were collected were laid out into Gantt charts and task sheets to a lowest level of
detail. Technician, quality control, and engineering resources were identified for each detailed task and the
task duration was quantified based upon National Aeronautics and Space Administration’s (NASA’s) SSME
engineering experience at Kennedy Space Center (KSC). Figure 10 exemplifies the level of detail outlined
in each deterministic process; in this case, the high-pressure fuel turbopump (HPFTP) removal and

replacement. In figure 10, many tasks have been rolled up to subtasks for brevity of presentation.
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Figure 10. Example of detailed model—HPFTP removal and replace.




Although serial and parallel relationships were established between the detailed tasks and OMI
processes within the Gantt charts, it is difficult to accurately predict overall OMI durations or end-to-end
vehicle or SSME subsystem processing times. Reasons for this include:

1. Lack of all downtime data including logistic delay time, administrative delay time,
and maintenance delays downtime.

2. Interdependence between SSME and other subsystems was not modeled.

3. Other vehicle subsystems not modeled.

While accurate predictions of SSME processing are not always possible with this data, it is appropriate
for future launch vehicle engine analysis since these kinds of attributes need not be modeled. Of interest for
a future system analysis is the definition of an operational system. It is not desirable to model all the
artifacts of the STS processing system as appropriate to the new system. While downtimes will occur for a
future system as well, it is premature, without detail, to model those. Of course, a complete vehicle model
should represent the engine-vehicle interface and other subsystem operations fully.

The baseline SSME model will provide insight into the actual workload, required subtasks, and the
overall processing flow. This actual manhour prediction method differs from top-down manhour estimates
in that manhours of downtime are not accounted for. The utility of determining manhours in this fashion is
that labor-intensive processing activities are readily identified whereas the actual impact of each processing
activity can be masked by downtimes in the top-down approach.

C. Unscheduled Processing

An analysis of SSME unscheduled maintenance operations was performed using the PRACA
database. Unscheduled maintenance information from the PRACA database was obtained for 30 ST flights
between 1989 and 1994. During this period there were 3,785 problem reports (PR’s) that were processed.
This is engine PR’s only, thus, ground support equipment (GSE), facility, and spares PR’s relative to the
engine were not included. The PR’s were sorted and grouped by component, malfunction, and disposition
code. This allowed the filtering of this database into 123 PR classes representing 84 SSME processing
flows. PR’s were further classified into six types based upon processing action taken. The six types, the
123 classes, and the number of applicable PR’s are presented in table 1.

Table 1. SSME PR classification summary.

PP Classification Type Number of Classes Number of PR’s
Remove and Replace 70 795
MR Repair 13 79
Repair 19 1,121
MR Accept 6 156
Accept 7 137
Waiver/Exception 8 82
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This filtering processed 2,370 PR’s. PR’s that were eliminated from the database during this
classification and filtering process included PR’s from incomplete processing flows and PR records with
insufficient data to allow it to be classified.

Each PR will fall into one of the six classification types. These types were categorized based upon
the disposition code in the PRACA database and limited to the detail provided therein. These represent the
most common actions required for each PR at the lowest level of detail possible. Each classification type
was outlined to identify the basic tasks and resources associated with setup, performance, diagnostics,
administration, review, and delay times. Figure 11 presents an MS Project™ view of the base remove and
replace (R&R) classification type. In addition, an initial attempt at quantifying the resources required was
conducted. Note that these are initial estimates until more accurate data can be made available and collected.
The actual “hands-on” R&R time is represented by a milestone on line 4. This would be replaced in the
model by the actual component R&R timeline.

The classes identify the number of different PR’s that fall into each PR type. These are usually
associated with components or hardware. In the case of an R&R PR type, the 70 different classes are
mostly associated with different hardware or components that require R&R. However, this is not necessarily
the case for the other PR types. For example, a large number of PR’s were generated due to contamination
and corrosion on unidentified hardware. Because the detail in the database did not allow us to associate the
corrosion problems with the hardware or component, the contamination and corrosion PR’s were separated
into five different PR classification types based upon the nature of the disposition (repair, material review
(MR) repair, accept, MR accept, or waiver/exception). The five other PR classifications as well as the
standard R&R operations by component appear in detail in appendix C.
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Figure 11. SSME base R&R.

This PRACA database is limited in that it does not provide resource or task duration information
for unscheduled corrective actions. However, PRACA does provide data to determine the frequencies of
PR’s as well as information to determine what malfunctioned and how the PR was dispositioned. Corrective
action processes, including task descriptions, durations, and resource assignments, were defined and
quantified by SSME engineering in the same manner as the scheduled processes for each PR classification.
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A few low-level processes were set to a standard time for simplicity sake. For example, QC response time
was set to one standard value, when in actuality, this value is more dynamic. The unscheduled data as it
applies to the six PR classifications appears in appendix C and a summary of the results from the data
(relative to SSME) in appendix D.

D. Baseline Requirements Database

Figure 12 describes how the data collected are being applied to the reusable engine analysis. The
applicable requirements identified by the STS OMRSD’s are mapped to major corresponding STS OMI’s
(see appendix A). An iterative review process identifies, task by task, the appropriate processing for the
future engine operations. Future reusable engine-specific operations are added; SSME operations artifacts
are removed; changes to processing facilities and support equipment is identified; and any dependency,
timeline, or resource requirements are also specified. This leads to a traceable proposed operations flow
prediction and resource estimate. Table 2 displays a sample of the OMRSD/OMI database with comments
as to the applicability of the requirements to the reusable vehicle engine.

Requirements Processing Adapt Timelines, Predict Future Engine Operations
Analysis —  gpecification = Resources . Requirements, Processes, and
- Add Resource Requirements
— Remove
— Change
SSME SSME Process Flow
OMRSD’s OMI's Model

Figure 12. Requirements to process definition.

Table 2. OMRSD/OMI database with requirements rationale.

OMRSD New OMRSD Description OPF OMI's  [Engine Shop OMI's| VAB/PAD OMi's OMRSD Rationale/Root Causes
Number Engins (V41 Flie NI Dated 9/15/85)
Use
V41BL0.050 n SSME Weid 22 & 24 Lk Ck V1011.05 Seq 07 | V1294.007 Seq 04 V1046.003 Seq 07 | Due to poor processing, HPOTP balance cavity

standoff welds are leak chackad — No Isaks ever
veritied, but lack of waid penetration up to 90%
has heen found on these welds. Standofts have
been suspected of leaking and caused return to
Canoga.

V41BL0.080-A n E1 HPOTP Plup Weld Lk Ck V1011.05 Seq 09 | V1294.004 Seq 04 |V1048.004 Seq 04 |Plug weld ieak occurred on a unit — Concern over
these welds leaking either Gox/Helium/Hot gas
into boat tail - therefore ali external plug welds on
the housing are checked

V41AX0.020-A y E1 LO, Feed (Joint 01} I/F Lk Ck V1011.05 Seq 07 V1048.003 Seq 05  |Ensure joint integrity of LPOTP to pump inlet
ducting after engine is instalied
V41AX0.020-8 y E1 LH, Feed (Joint F1) I/F Lk Ck V1011.05 Seq 05 V1048.002 Seq 04  |Verify pump iniet joint integrity after installing the
LPFTP
V41AX0.020-C y E1 GH, Press (Joint F9.3) I/F LKCK  |V1011.05 Seq 09 V1046.004 Seg 04  |Joint integrity Post Engine Installation
V418L0.033 y SSME Encapsulation Oxid Sys 1SO Test V1284.007 Seq 04 System leak integrity check for launch -~ Mat. 1 or
Weld Thru-Crack: Seal not Sealed - > Crit. 1
V41BL0.034 y SSME Encapsulation Hot Gas Sys ISO V1294.007 Seq 04 System leak integrity check for launch - Mat. 1 or
Test Wetd Thru-Crack: Seal not Sealed - > Crit. 1
V41BP0.010-A n E1 GO,/GCV Ext Lk Ck & Orifice V1011.04 Seq 07 | V1294.002 Seq 17 [V1046.005 Seg 05  |E leak test of all g oxygen system
Verif joints from the AFV to the orbiter interface on an
each flight basis
V41AQ0.010-A y £1 Sensor Checkout V1011.06 Seq 02 [ V1294.002 Seq 06 [V1046.001 Seq D4 |Planned Preflight Checkout
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From table 2, development or definition of an reusable engine operations concept is traced to the
SSME experience. This database was developed to link propulsion system concepts and technology
candidates to the SSME operations experience. The backbone of the SSME experience is the OMRSD
database. Deterministic model data are linked to the OMRSD database for each requirement. Additionally,
root causes and/or OMRSD rationales are provided that allow for rapid determination of those OMRSD’s
affected by technology improvements or hardware configuration changes. From table 2, first row, a
requirement was established for SSME weld and leak checks on the high-pressure oxidizer turbopump
(HPOTP). The root cause of this requirement is a concern for weld integrity. The OMRSD number, three
applicable OMI’s, and an applicability column for the new launch vehicle engine are provided. It is interesting
to note that this requirement was generated well after the design of the SSME and its processing when
potential problems with welds were identified. This specification of postdesign requirements is likely to
occur in a new launch vehicle engine as well.

18



6. MODEL DEVELOPMENT AND RESULTS

The scope of the analysis for this document is a future launch vehicle ground operations analysis
that includes shuttle-based uncertainties associated with scheduled and unscheduled maintenance. The
emphasis is on propulsion systems and the specific topic is the engine which will be modeled in order to be
responsive to the vehicle requirements. Of course, the engine processing is only one part of the overall
vehicle processing. Interactions of the engine processing and other subsystems must be taken into account
to get a proper estimate of vehicle and even engine flows. The results of this analysis reflect the impact of
unscheduled processing on turnaround time in a deterministic model and on launch availability and
dependability in a probabilistic model. The attributes of the maintenance activities will be limited to those
supported by analysis of the STS PRACA, CAPSS, and Marshall Space Flight Center (MSFC) Propulsion
Laboratory operations databases.

Given ground rules and assumptions, key processes were laid out for a fully reusable future launch
vehicle engine concept. To avoid proprietary data considerations and to simplify the presentation, a rough-
cut engine design is assumed for this analysis. It is essentially SSME-like;20 a pump-fed LO»/LH; high-
thrust engine with pneumatic and EMA valve control (no hydraulics) and health monitoring capabilities.
The proposed launch vehicle uses three such engines with engine processing conducted in parallel. From
this, a logic model associated with the flow of ground processing is developed. A 40-hr, goal-oriented
engine ground flow serves as a baseline to the defined flows. Effectively, this 40-hr timeline was provided
as a requirement (baseline allocation) for this model activity. Figure 13 shows the engine flows and the
success-oriented timelines by processing facility. Three facilities were assumed after landing—a single
processing facility with five bays and two launch pads. From figure 13, engine ground operations processes
include drying; access; visual inspections; leak checks; and closeout on each engine in the processing
facility and purge; flight readiness test; and launch preparation on the engine set on the pad. An unscheduled
maintenance timeline is supported in parallel with the scheduled timeline. Key assumptions and ground
rules to this development were 30 flights per year, a five-vehicle fleet, and 7-day missions. Others included
minimal and automated operations, separate payload processing, depot maintenance every 20 missions,
and automated health monitoring. Manpower assumptions included two shifts per day, 5 days per week for
processing facility operations and three shifts per day, 7 days per week for all other processing.
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Figure 13. Engine operations processing.

A. Deterministic Model

An MS Project™ model was developed to reflect the processing requirements (top-level and
allocated) of the engine system. From the flows defined in figure 13, processing timelines and resources
required were input into the MS Project™ scheduler. The tasks were defined to three levels as subprojects.
Figure 14 presents the top level to the level of detail at one of the lowest level processes defined here—that
of the engine drying operation. Total duration and manpower requirements in the subprocesses of figure 14
can be rolled up to the top level in a very direct fashion. This is the allocated appropriate times and
requirements for those systems within the constraint of the overall requirement, which was provided as a
top-level requirement; in this case, 40-hr total for the engine. Thus, the times and resources reflect a relative
allocation to the subsystems: it remains to be seen, for example, whether or not a gaseous oxygen (gox)
system leak check will take the 1 hr allocated, but the 1 hr allocated to this system is consistent with the
time allocated for the fuel system leak checks (1 hr). Again, this model serves as the goal-oriented model
useful for allocation and comparison with the detailed engineering estimates. In the approach identified in
figure 4, this is the top half—the goal-oriented model.
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Duration Work Dec. 1, 1997 Dec. 8, 1997 Dec. 15, 1997 ' Dac. 22, 1997

D Task Name () | (Man-hr) [TTWITIFISTSIMITIWITIFISIS|MITIWITIFIS[S'MTIWIT[F[S
1 Vehicle Engine Processing 40 348 X !
2 Runway Operations 2 6 }

Processing Facility Operations 30 310
Pad Operations 8 32 I3 Tech[4)
I Task Name Duration Work 1,1997 |  Dec. 8, 1987 Dec. 15, 1997 |Dec. 22, 1997,
(hr) (Man-hr) [TTF[STSIMITIW[TTFISTSIM[TIW[T[F[SIS|M|T|W[T|F
1 |Engine Processing Facility Op 30 310 !
2 | start 0 0 X
3 Engine Drying 3 20 '
Access to Engine 2 8 :
Visual Inspections 8 32 !
Leak Checks 8 32 :
Connect/Monitor Eng HM Sys & Data 20 40 :
Corrective Action 24 144 :
Closeout Access and Inspections 8 32 '
Move to Pad 1 2 :
D Task Name Duration Work Dac. 8, 1997
{hr) (Man-hr) {4T75T6]7[8Tof10[11[12[1[2]3[4[5]6]7]8]9
1 |Vehicle Eng. Drying Operation 3 20
2 Vehicle in Proper Location in Facility 0 0
3 Establish Access to Engine 0.5 2
4 Initial Power-Up 0.5 1
5 Establish Gr. Sup. Sys. for Drying 0.5 2
6 Conduct Drying Operations 2.5 15
7 Mate GN, Purge to Engine 0.25 1
8 Assemble/Mate Hoses/Filters 0.25 1
9 Instali Plugs/Gages/Drain Lines 0.25 1
10 Activate Pneumatics/Valves 1 1
11 Conduct Ox. Sys.Drying Purge 1 4
12 Conduct MCC/FPB/Nozzle Drying Purge0.25 4
13 Perform Dryness Verification 0.25 1
14 Demate Drying Setup 0.25 1
15 Dissassemble Test Setup 1

Figure 14. Hierarchical engine model.

This type of modeling often predominates, especially early in design. With an emphasis on new
ways of doing business, this goal-oriented modeling is often the only type of modeling undertaken on a
program. There are several reasons for this. It can be time consuming and resource intensive to conduct a
bottom-up analysis and difficult to present an unpopular result. The weakness of the goal-oriented modeling
should be apparent. It often has no basis in reality. One example of how misleading goal-oriented modeling
can be was that for the STS program. Early modeling predicted up to 60 flights per year with a 2-wk
turnaround time,2! very different from current shuttle capabilities.

Sensitivity studies of the MS Project™ model and even simple “back of the envelope” analysis can
shed some light on the sensitivity of this system. For example, increasing scheduled uncertainty to
50 percent increases total duration, for what is essentially a serial flow, a proportional percentage—from
40- to 60-hr duration with personnel manhours increasing from 319 to 478.5. Concerns with meeting
availability and dependability requirements increase also. However, even a 50-percent increase in scheduled
processing may not be a serious impact. Adjustments in scheduled timelines or built-in holds can be included
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to deal with this. Even if dependability is defined as launch within 2 days of scheduled launch, such
variation is manageable—an extra 20-hr duration is still within 2 days, if there are multiple shifts per day.

Much more significant is the variation in unscheduled processing. In the baseline case, the
unscheduled processing is designed to be in parallel to scheduled processing. Even this can tolerate some
additional unscheduled processing before impacting overall flow. However, this assumes sufficient manpower
to handle problems in parallel and that problems will occur in parallel. Such an assumption is not credible.
For example, if four to six engineers are allocated to handle processing, the extra unscheduled activities
cannot be conducted entirely in parallel without a schedule slip—there simply is not enough manpower.
Also, if problems occur late in launch to critical path operations, there is a serial effect—problems must be
resolved before any more normal launch processing can be supported. Built-in holds can also mitigate the
problem of unscheduled processes, especially early in the flow. Late processes, such as pad processes,
must attempt to minimize all unscheduled activity.

In this deterministic model, the unscheduled maintenance activities were added to reflect these
issues. A notion of unscheduled maintenance considerations should be incorporated into the requirements
allocation for accuracy sake. Table 3 lays out the SSME-based experience and the impact per OMI for this
analysis. For example, from the historical SSME record, twice as much time is spent on unscheduled
maintenance during the visual inspection OMI (V1011.02) than for scheduled maintenance. Table 4 presents
the results of this analysis including a run with the unscheduled maintenance data. The first column of the
table presents the baseline results—both clock hours and personnel manhour requirements. The second
column adds in unscheduled timelines based on STS SSME experience. If the unscheduled activities are
assumed to be done in parallel, the overall impact to the timeline is small. That which is not on the critical
path has little impact, while adding unscheduled maintenance activities to critical path operations is realistic
and has a significant impact. The impact to the overall dependability and availability metrics can also be
considerable as will be seen in the next section. Keep in mind that many of the SSME OMTI’s have already
been excluded and that the baseline processing time is allocated. The result in table 4 is more of interest in
a relative sense—the duration and manhour requirements practically doubled with experience-based
unscheduled maintenance included in the analysis (from 40- to 70-hr duration, 348 to 615.6 man-hour
total). Further and more detailed analysis is clearly necessary.

Table 3. SSME unscheduled maintenance experience.

% Additional

Task Unscheduled

Description OMI Number Processing*
Envir. Cover Install $0028 10
Engine Drying v1011.01 10
Assess to Engine V5058/V5057/v5087 10
Visual inspections V1011.02 200
Leak Checks V1294.xx 100
Closeout S1287/N5057 50
Purge Sequences V3018.001 10
Flight Readiness Test V1046/V5057/v9002 75
Launch Prep & Start 50007 10

* Per SSME Experience,1989-1994
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Table 4. Goal-oriented engine operations timelines.

40-Hr Baseline With
40-Hr Goal-Oriented Unscheduled Maint.
Baseline Included (SSME-Based)*
Task Name Duration, hr | Man-hr Duration, hr Man-hr
Processing Assessment 40 348 70 615.6
« Landing Operations 2 6 2.2 6.6
* Processing Facility Operations 30 310 59 573.8
— Engine Drying 3 20 33 22
- Engine Access 2 8 22 8.8
- Inspections 8 32 24 96
— Leak Checks 8 32 16 64
— HM Monitor [20} 40 [22] 44
— Unscheduled Allocation [24] 144 [48] 288
- Closeout 9 34 135 51
« Pad Operations 8 32 88 352

* 1989-1994
[ ] Not on critical path

This concludes the discussion of the goal-oriented model and analysis results. Turnaround time and
resource requirements have served as primary metrics to this point. Operability metrics such as availability
and dependability are more appropriate to a detailed probabilistic model. The probabilistic model and its
results are the topics of the next section.

B. Probabilistic Model

1. Overview

The following analysis serves to illustrate the probabilistic approach—modeling to include uncertainty
in the analysis. As in the earlier deterministic analysis, the scope of this analysis is a future engine operations
analysis that includes uncertainties associated with unscheduled and scheduled maintenance. Consistent
with the overall process, requirements were generated from the STS requirements list applicable to this new
engine system. Engine design data were assumed for this application and use no proprietary information.
Identical to the engine used for the deterministic model analysis, the future engine system is a pump-fed
LH,/LO, system with EMA and pneumatic valve actuation (no hydraulics), and active health monitoring. A
three-engine vehicle is also assumed for this analysis. The emphasis is on the engine processing, with the
vehicle operations requirements allocated out to the engine level. The interest here is on the impact of
engine scheduled and unscheduled processing on engine dependability and availability. The data used as
baseline for this analysis are those of the shuttle engine system.

23



2. Operations Concept

Given ground rules and assumptions, key processes were laid out for a fully reusable future launch
vehicle concept. These are the same as those laid out for the deterministic model of the previous section
with detail of depot maintenance now included. A logic model associated with the flow of ground processing
was developed and figure 13 shows these engine flows by processing facility. The assumptions and ground
rules are the same as in the deterministic case except for the following. Depot maintenance consists of
engine removal and replacement, more detailed tests and checkout, and generally takes 30 days. Automated
health monitoring is assumed, although this would only affect diagnostic and isolation time for unscheduled
activities. Three vehicles may be on orbit at one time and two vehicles can be in depot maintenance at one
time. The resources have been designed for minimal bottlenecks. This includes manpower, which is assumed
available when and where needed, given shifting constraints. The block flows reflect periodic and depot
maintenance operations that utilize parallelism and adequate manpower. For example, the engine processing
for the three-engine vehicle is done in parallel. This provides a much shorter process clock time; however,
manpower must be calculated accordingly. Typical engine operations include engine drying, inspection,
and leak checks for the routine turnaround operations and engine removal and replacement for the depot
maintenance operations. This discrete-event logic flow will be represented in a simulation model to be
developed as part of this analysis. This flow will be modeled over a 20-yr lifetime. Results will be presented
from a set of Monte Carlo runs.

3. Model Development

A computer program that supports discrete-event simulation on a personal computer was used for
this analysis. This package, Extend™, allows icon-based time and event modeling. The package is available
commercially and provides ease of use in building models and in specifying output parameters. It supports
probabilistic modeling and hierarchical levels of detail for complex systems.

The logic of the operations processes timelines was incorporated into the Extend™ modeling language
and runs were made to analyze the parameters of interest. All simulations for this analysis were performed
on a PowerMac 7600. This operations model was developed fully from Extend™ library building blocks.
Figure 15 presents the top level of the ground operations modeled. The model is reflected in a hierarchy,
the lowest level of detail for the processing facility, as presented earlier in figure 13. From figure 15, the
processing facility with five bays (three for nominal, two for depot); the two pads; the runway; and vehicle
tows are evident. The five vehicles come in as scheduled in the new vehicle block to the appropriate routine
processing in the upper three bays or the depot processing in the lower two bays.

This probabilistic detailed model serves as an experience-based model outlined in the approach of

figure 4 (lower half of schematic). Results from it are intended to be compared against the goal-oriented
model results.
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Figure 15. Extend reusable engine operations model.

4. Data and Metrics for Analysis

For this analysis, the data as described in section 5 were used for model data support. As stated
earlier, this database keeps track of the ground operations unscheduled and scheduled maintenance activities
for SSME processing. Distributions around the scheduled and unscheduled maintenance processing are
modeled with a triangular distribution,22 selected due to its “conservative” nature. Evidence exists that for
process simulation the lognormal distribution may be the most appropriate.23.24 Such evidence also exists
relative to some aerospace applications;25.26 but without actual operational data to support this, the triangular
distribution has been chosen. The triangular distribution requires a minimum, a maximum, and a mode.
For this application the mode is the selected STS value, the minimum is 5 percent less than the mode, and
the maximum 10 percent greater than the mode. These values were accepted during the data collection
process by the system engineers as generally representative of actual shuttle engine task processing
uncertainty. Extend™ supports many distribution types including the definition of a user input type. If
desired, distribution types and parameters can be easily varied as part of a sensitivity study.

Metrics for this analysis include measures of merit for availability and dependability. The measure
of availability deemed most suitable for this analysis is the one described earlier in the metrics discussion
for process availability—nominal processing divided by total processing which includes nominal and
off-nominal processing times. Off-nominal processing time includes unscheduled maintenance, queuing
delays, and standdown times due to failures. This is a measure deemed more suitable to spacecraft processing
systems due to the processing-intensive nature of cryogenic-fueled rocket systems and small fleet sizes.
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The dependability measure is a characterization of the on-time launches. This is reflected in a probability
that all vehicles are launched on time (from an engine processing point of view), measured as within 2 days
of original launch date.

Requirements for engine processing were collected via the STS requirements list. There are three
engines per vehicle with an engine out at liftoff capability. The only unique engine operation process
proposed and not covered by STS operations is an engine-to-engine mate process which slightly expands
the timelines for inspection and engine R&R.

The reliability of the engine will be modeled as will any associated standdown time due to failures
to illustrate the impact of reliability on operability. Standdown time in this case is 4 mo and is a required
result of any vehicle failure. A range of reliability values and their impact to the overall processing system
will be presented. Appendix E presents the engine out reliability analysis and its impact on engine set
reliability that is used in this analysis.

5. Results

The simulation time for the model was set to 20 yr and run in a Monte Carlo environment. A
relatively evenly spaced flight manifest spanning this duration served as input for the model. Vehicle
flights were staggered so that, at most, three flights were on orbit and, at most, two vehicles (engine sets)
would require depot maintenance at any given time.

It was apparent from back of the envelope analysis that the use of the complete shuttle engine
database would present a processing timeline that was a factor of 10 over the allocated requirement.
Availability for such a system is approximately 70 percent and dependability is very low unless processing
start dates were backed up to allow for this extra processing. If enough time is allowed up front, any system
can be made technically dependable. Implicit in the measure of dependability is an acceptable and minimal
turnaround time. This is a problem in using the STS system. The inherent philosophy and conservatism
associated with this manned system leads to intense processing requirements due to extensive checking
and double-checking. Using shuttle experience data results in a vehicle that is only capable of five flights
per year at the outset. The required processing times preclude any more. This also assumes processing
manpower available to process all vehicles in parallel to support a maximum of 25 flights per year. This
would result in a prohibitively expensive system. Thus, for this analysis, a decision was made to just use
the “active” process conducted on the shuttle engines for this model. This excludes all vehicle setup and
access time (except that explicitly allowed); all GSE setup; test setup; and of course, shuttle-specific
operations. Clearly as important to the processing requirements for the future engine system is the philosophy
of operation. Philosophy changes create the most significant process changes; of course, it remains to be
seen whether these changes can be maintained when the actual system is in operation.

Given the above ground rule, a baseline case with no off-nominal (unscheduled maintenance) time
was first established. The results for the probabilistic analysis for the operability parameters are presented
in table 5. This turnaround baseline required, on average, 109.6 hr per flight. When adjusting for manpower
shifting, this translates into just over a 6-day turnaround. The dependability measure assumes launch on
time if launch occurs within 2 days of the original scheduled data. This system is appropriately rated at
100 percent for both availability and dependability. Without unscheduled processing time, the only
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uncertainty in this system is in normal processing and this is not enough to affect on-time launch. It is
interesting to note that the original goal for the turnaround of the engine system as presented in the
deterministic model was 40 hr. Even with extensive and optimistic ground rules, the projected turnaround
is over twice that without considering any unscheduled processing. Extra manpower may make up some of
the difference but this also raises the cost to the processing system. Clearly, the original goal must be
adjusted to be more realistic.

Table 5. Results of probabilistic analysis.

Case Availability (%) Dependability (%)

Full-up STS 70 Low {Assumption Dependent)
Active Processes

Only (No Unscheduled) 100 100
Active With STS

Unscheduled 82 0
Active With 25% of

STS Unscheduled 94 78

When the shuttle-based, off-nominal times were incorporated into the model as reflected in table 5,
the turnaround increased to an average of 171.5 hr which translates into a 12-day turnaround (a weekend
added since processing facility time goes past 1 wk). With only 6 days allowed for turnaround time with a
2-day buffer, the dependability of this system is zero. Availability of this system is at 82 percent.

It is reasonable to assume that improvements in unscheduled processing and hardware will resultin
something significantly better than for the shuttle. From table 5, the case where 25 percent of the shuttle
unscheduled processing is assumed, the dependability is at 78 percent and the availability at 94 percent.
Improvement to 10 percent of shuttle unscheduled processing improves the measures to 100 percent and
96 percent, respectively. The general relationships of process time, dependability, and availability for this
system are presented in figure 16. A typical requirement (95 percent) for availability and dependability is
also included in this figure. Availability varies from 100 to 82 percent, based upon the amount of unscheduled
processing time. Dependability displays a unique shape—almost a step function. Only between 23 and
27 percent of STS unscheduled process time is any variation evident. This range is reflective of the variation
in nominal and off-nominal processing. As such, dependability is a very sensitive measure. First, it is
sensitive to the time allowed for processing—in this case, 6 days. Also, it is sensitive to the buffer amount;
amount of uncertainty; and staffing schedules. Dependability can be improved by an early processing start
or by the use of timing control mechanisms such as built-in holds. It is interesting to note that, traditionally,
engine processing delays are not key to the vehicle launch delays and dependability. Weather is the
predominant cause of vehicle launch delays.

Other typical results from a discrete event simulation model include resource estimates of interest
such as facility utilization rates, manpower usage, and queuing delays. In order to identify areas of
improvement for operations, a Monte Carlo analysis of each process was performed by reducing the
unscheduled maintenance from the shuttle-based percentage to a 10-percent target. Total manhours, cost
per flow, and launch delay time per flight were used to provide a quantifiable measure of improvement.
The results from these analyses are shown in table 7 for each engine task in the current processing flow.
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Figure 16. Operability measures by process time.

6. Effect of Uncertainty

Table 6 presents the impact of the incorporation of uncertainty in the model. As discussed earlier,
the purpose of modeling this uncertainty is to provide for a more realistic model. The hours presented are
the total for the system over the 20-yr period (600 flights). The uncertainty in this case has little impact on
the availability measure, given that availability is a ratio of values, both changing in similar fashion. In this
case, the impact is small since the processes modeled have relatively low uncertainty in both scheduled and
unscheduled activities. Also, consistent with earlier conclusions, the dependability measure shows a high
sensitivity to the amount of uncertainty. Indeed the use of the maximum amount of uncertainty for the case
here drops this value to zero. Upon further analysis, this was determined to be an effect of processing
facility operation being extended past 5 days, resulting in the addition of a weekend to the processing time.
These two events were enough to push the launch time past the 2-day buffer allowed. The dependability
value is controllable to a large extent through the use of different ground rules, built-in holds, earlier start
dates, or additional manpower.

Table 6. Probabilistic model uncertainty impact.

Case Sched Hr Unsched Hr | Avail (%) | Dep (%)
25% of STS 166,460 11,482 93.5 78
Unscheduled Mode
25% — Min 162,348 10,764 93.8 85
25% — Max 171,652 12,402 93.2 0

7. Reliability Impacts

When a measure of reliability is added to the model, impacts to operability are apparent. In this
case, reliability is measured relative to catastrophic failure of the engine, and catastrophic failure of any
engine leads to failure of the vehicle. The ground rule at the outset was that the system went into standdown
of 4 mo after a failure in order to diagnose, isolate, redesign, or mitigate the problem causing the failure.
The reliability impact of lost launches is presented in figure 17. Besides the failures, launches for the next
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4 mo are delayed. Out of the 600 launches (rescheduled now over a longer period of time), 126 were
canceled given an engine reliability of 0.95. For a reliability of 0.999, the number of lost launches is 1.8.
Clearly, a reliability value much lower that 0.999 would be unacceptable to a launch system such as this
one. Certain vehicle characteristics mitigate these failures (holddown, engine out), but the engines must be
very robust for consistent acceptable operability scores. The relationship of reliability, dependability, and
availability of this system as generated from the Extend™ model runs is presented in figure 18. The reliability
estimates used for this analysis were as derived in the analysis of table 21 for the engine out at liftoff and
catastrophic failure probability of 0.1 case. Clearly, reliability is the single biggest determinant of the
operability of the system.
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Figure 17. Impact of reliability on operability.
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Figure 18. Operability metrics by reliability.

These results indicate the impact of scheduled and unscheduled processing and reliability on the
launch system. Values of acceptable availability and dependability requirements would likely be around
95 percent. Considerable improvements in traditional spacecraft engine processing and design are necessary
to meet this requirement.

29



These results indicate a potential manhour cost savings of approximately $115.3K per flight along with a
7.4-hr reduction in the launch delay for the engine set modeled in this flow. The shuttle manpower data
were used for this analysis. Figure 19 provides a graphical view of the manhour cost reductions and launch
delay reductions for engine processing. While potential reductions are greatest in earlier processes (e.g.,
visual inspections), it is important to note that later processes may be more critical (e.g., pad activities).
Timing controls such as built-in holds will be more effective earlier in the process flow. There is less
opportunity for controlling delays late in launch.

Table 7. Engine processing manhours and launch delay reduction.

Process | Process | Process | gaoecogy | Launch
D:;:rﬁ:f; ] MHRS | MHRS :‘gg?n?ss; Reduction | _ Delay
Sched Total ) K
(Sched) | (Total) o ($K) (Hn)
Engine Drying 154 169 20.2 1.7 0.03
Engine Access 20 22 2.6 0.2 0.05
Visual Inspections 374 1,120 134.4 80.7 1.6
Leak Checks 216 432 51.8 234 24
Closeout Access 140 210 25.2 7.6 1.2
Engine Purge 52 57 6.8 0.2 0.8
Flight Readiness Test 52 90 10.8 1.4 05
Launch Preparation 40 44 53 01 0.8
Mhr Cost
90 [~ Reduction ($K) 123
sol- Launch Delay
70 Reduction (Hr) — 2
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g 158
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Figure 19. Engine operations manhours/cost analysis.
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By using the shuttle-based results and the process target results, a relationship between percent
nominal processing and clock hours or manhour cost can be determined for each process analyzed. This
type of relationship provides a means to estimate how much improvement is needed to reduce the manhour
cost of a given process to a specified target value, and where the improvements are most needed.
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7. CONCLUSIONS

Deterministic and probabilistic operations models of engine processing flows have been constructed
to illustrate the methodology defined in this document. The goal was to select appropriate metrics, develop
a model, and conduct an appropriate design operations analysis. This supports design trade studies where
operations will be considered equally with performance analyses. Traditionally, this has been a serious
shortcoming of disciplines such as design operations. It has not been understood how to conduct such an
analysis and what measures of merit to use. This analysis presents such an approach and applies it to a
future engine concept. These models support trade and sensitivity studies allowing users to investigate
“what if”’ scenarios to support design decisions. With the availability and dependability measures, it provides
ameans to quantitatively analyze scheduled and unscheduled maintenance activities for operations analysis.

The applications of this approach illustrate the traditional outcome in aerospace launch vehicle
operations modeling. The difference between processing goals and initial historical-based operations
estimates is large. This is at least in part due to the lack of good and accepted operations modeling techniques
which use well-understood and interpretable metrics. The approach described here attempts to correct this
problem by offering a rigorous process and good baseline data to identify operations concerns.

The results presented here represent a first iteration in an operations analysis process outlined in
figure 4 for a hypothetical engine concept. Deterministic, goal-oriented modeling provides a top view of
the requirements and allocations. The bottom-up, probabilistic analysis provides the operations processing
estimates to compare against the goals and requirements. The first iteration involved the use of the STS
engine (SSME) experience base. Further iterations will adjust this baseline to better estimates based upon
actual design decisions. All specifications of processing are subject to requirements traceability via the
STS requirements database.

Engine system scheduled and unscheduled maintenance impacts in the proposed launch vehicle
flows have been identified. Critical path processes will have the greatest impact on launch delay. It is
interesting to note that noncritical path processes defined in the initial operations concept may end up as
critical path processes once an incidence of historical unscheduled maintenance activities is considered.
From the results it is clear that the single biggest determinant of operability measures is reliability. While
hardware reliability improvements are critical to improving operability, these results also point to
improvements in corrective maintenance processing activities as critical to improved turnaround times and
operability measures for future launch systems.
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APPENDIX A—Engine Operations Requirements Database

Table 8 presents SSME operations requirements (OMRSD’s) and other pertinent information to
support definition and traceability for future engine requirements.
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Table 8. Engine requirements database.
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VATBUO125  'HEX VISUAL INSPECTION PLRU HEX VSED2 aq 12 HEX HPOTP Instaation Impect Hala - HG 10 Tank; Crit 1 Fire, Uncontaimed engine faikum
VATBUD.O7S-A €1 HPFTP INTERNAL INSPECTION PK5C HPFTP V1011 02 S0q 08 TURBOPUMPE "Vartty no inet or dischargs shest metal cracking; 00 nazzie Fire. Uncontained engine farkurs
Cracking Or arosion. 1o blade cracking, platform cracking, o
080N, 10 fiShMOUTh $eal Cracking or missng peces, NG
i ,bellows shislg craciing. (Al inepactions compisted with
VAIBUOO7S  'HPFTP FIRET STAGE BLADE 22X TC. OCE HPETP VSEOS Sag 14 TURBOPUMPS Verity no biade cracking dus 10 previous accurmences of airoil Firn, Uncormainad sngine faiturs
{ INSPECTION cracking
V41BUODBO  HPFTP TURBINE INGPECTION (TIME & PXSC HPFTP VSEDS Beg 14 TURBOPUMPS Varity nc iniet of dicharge shest metl cracking inchuding weld Fire. Uncontained engine failurs
CYCLE} 450 and the turning vanes. no nazzie cTecking of srosion, 1o
biade cracking, platiorm cracking. or mrosion, no fishmouth
., 383l Craciing or missing peces; nu belows shied cracking va
VAIBUO 0BT  HPFTP BELLOWS HEIGHT VERIF PLRU HPFTP VSE0S 085U 2 TURBOPUMPS Verify balows heigrtt 33equate 10 provide proper preioad on the Fire. Uncontained engine failurs
bellows at netatation. Incorporated as a result of a previous
failure of the betows.
VAICBOOSO-A €1 HPFTP TURBINE BEARING DRYING EKSC HPFTR VIOT1.01 Seq 03 VB018 002 Suq 04 V1038VL2 Seq 07 TURBOPUMPS Ensure all mowturs is removed from the Dsanng es after a testMight  Fre, Uncontained engine faikura
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Table 8. Engine requirements database (Continued).

OMRSD OMRSD DESCRIPTION OMRSD Component OPF OMT's ;| ENGINE SHOP VAB/PAD OMI's OTHER OMI's RT OMI's SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Root Cause Categories
NUMBER (V41 FILE M DATED 9/15/95) EFFECTIVITY : omr's CODE
V41BU0.200-A - EY LPFD OVALITY CHECK F Lines/Ducts V1011.02 Seq 10 | 'V9018.002 Seq 10 oucCTS Contingency test mwwym ﬂn LPFD hetium bermer  Fire, Uncontained engme failure.
: system has besn demaged. Object is to debect potsatial duct
wlmuwmmwdummwmnm
. B . the roundness of the duct.
V41BUQ.400  PERFORM LPFD XRAY INSPECTION F Lines/Ducts TBD DUCTS Contingency reqmt prsdormed omy when the ovality check Fire, Uncontsined engine failure
indicatos that some damage o collapea has occurred in the
. . |LPFD. Tha cross section ia X-rayed n an sttempt 1o verify
V41BS0.050  HPOTP/AT TORQUE TEST EKSC, R, PLRU HPOTP V1011.03 Seq 06 V5E02Z Seq 25 TURBOPUMPS W by VA1BS0.040-A Fire, Uncontained sngine tsilure
V41BS0.056 - HPOTP/AT INVESTIGATIVE TORQUE F HPOTP V1011.03 Seq 06 VSED2 Seq 25 TURBOPUMPS . Repisced by V41BS0.042 Fire, Uncontained sngine faiture
V418U0.4056 SSME LPFD TRIPOD LEGS INSFECTION OCE Lines/Ducts T8O DucTsS Performed o insure LPFD structurs! integrity. Inspection is Fire, Uncontained engine failure
portormed # post fight dats evaluaton reveals HPFTR
: . . URBGCRtabie SYNGHIONoUS
V41BUQ.0B5-A  E1 ATD BLOGK W HPOTP INTERNAL PKSC, NRAT HPOTP V1011.02 Seq 08 TURBOPUMPS No HPOTP/AT internal inspections were made during
MSPECTION centification. Inspections of the turbine, meinstage pump and
PBP intets, and 8il three beanngs nave been edded only
s . . B because the inspections sren't tme consuming and because
VA1BS0.010-A  E1 LPFTP TORQUE TEST A R, PSI, ER, PLRU LPFTP . V101103 Seq 04 TURBOPUMPS Verify rotor is free to rotets prior to testing Firs, Uncontsined sngine faiure
V418L0.127 jPPOTFIAT P8P TIEBOLT LOCK F  HPOTP V101103 B TURBOPUMPS Firs, Uncontainad sngine failure
VAIBUO.1Z8 ' HPOTP/AT CONTAMINATION INSPECTION A, PKSC HPOTP , VION0?Seq?? | TURBOPUMPS Fire, Uncontainad enging failune
V41CBO.0B5  SSME HPOTP/AT TURBINE BEARING PXSC ‘ HPOTP V1011.01 Saq 03 V1294.008 Seq 04 VD018.002 Seq 04 TURBOPUMPS Verdy sl moisturs is removed from the bearing srea after a Fire, Uncontained engine failure
' DRYING . | Testfight.
V41BS0.011 LPFTP INVESTIGATIVE TORQUE F LPFTP V1011.03 Saq 04 TURBOPUMPS Wrque check ¥ the speciication limits sre Fire, Uncontained engine failure
- torque check failure generity IRt-off seal binding or
. . . . Inty sesl - Gopper piating rub
V418S0.030-A  E1 LPOTP TORQUE TEST A, Ri,PSI. ER, PLRU LPOTP V1011.03 Seq 05 VSEZ3 TURBOPUMPS Done 1o snsure rokor is not bound up prior to stant — concem Fire, Uncontained engine failure
over contamination i high and sleo start charachristics ¥ rolor
18 SO 10 BPIn -- CONEMINStoN Nus Deen found that bound the
. rolor and bearing wind-up can sisa routinely Causes failure of
V41850.031 LPOTP INVESTIGATIVE TORQUE F LPOTP V1011.03 Seq 05 TURBOPUMPS Performed 1o free the rokor f possibie - done only 4 needed — Fire, Uncomamed engine failure
N . . must maks orque retum 0 Normal value or pump 8 remaved
V41BS0.032-A €1 LPOTP SHAFT TRAVEL A ER, PLRU LPOTP V1011.03 Seq 05 VBEZ3 TURBOPUMPS . Beering weer on LPOTP thrust beering must be monitored Fire, Uncontained engine failure
V41BRO.040-A  E1 MAIN INJECTOR LOX POST VACUUM  DLP Msin Injector V101102 Seq 08 COMBUSTION LOX Post integrity check - impected or Defected Posl Plugged Fire, Uncontained sngine failure
DECAY &mum‘vmde Incresss Damege 10 Post >
. - . S . e Loas of Post, Crit 1
VA1BUO.034-A  E1 MAIN NJECTOR LOX POST BIASING EXSC Main injector V1011.02 Seq 04 COMBUSTION Under Biws {cand) -> Flow Erosion MCC H/G Wall -> Repeir or Fire, Uncontained engine failure
B . ,Crit 1 Leak: Undur Bies -~ Combustion Performance Loss
V418Q0.185  :MCC ISOLATION LEAK TEST F MCC V1294.003 Seq 06 COMBUSTION Mat.1 Debond @ Liner AR -> Repair; UAI Performance Loes; Fire, Uncontained engine failure
Crit 3to Crk 1 ¢ incresse.
V418Q0.240-A  E1 MCC LINER CAVITY DECAY CHECK EKSC. LRU MCC V1294.003 Seq 05 COMBUSTION "Burst Disphragm Demege, Internel Liner To Structure Thru- Fire, Uncontained engine faiture
VAIBUD.O31-A E1 MCC BONDLINE ULTRASONIC EXSC mcc V1011.02 Seq 03 V103812 Seq 08 COMBUSTION " ivemat Debonds -> Emplosion, Crit 1; Extemal Laak, UAI to Fire, Uncontained engine failuire
INSPECTION Cm1
V41BUD0B1-A ' MCC INJECTOR INSPECTION WITH HPFTP PLRU 'MOCC VSEQ8 Seq 12 COMBUSTION " Inapact whan HPFTP Remaved Fire, Uncontained engine failure
REMOVED . .
VA1BUO.0B2-A  MCC INJECTOR INSPECTION WITH HPOTP PLRU wmcc VSEQR Seq 14 COMBUSTION inspact when HPOTP Removed Firs, Uncontained sngine failure
D
V418Q0.160-A ' E1 THRUST CHAMBER NGZZLE | EAK TEST EKSC MCC/Nozzie V1011.05 Seq 09 V1284.011 Seq 06 V1046.004 Seq 04 V103812 Seq 08 COMBUSTION Cald or Hot Wall Thru-Crack; Liner Mat.'| or Bebond- Fire, Uncontainad angine faikse
> Rapair, UA| Performance Loss; Crit 3 to Crit 1 f increass. I
o action required then data used io adjust sngine performance
. . : pradictions
V41800.200-A - E? MCC TO NOZZLE SEAL LEAK TEST EKSC, LRU, ) | MCGMNazzie V1011.05S0q 08 | V1204.004 Saq 03 V1046.004 Saq 08 COMBUSTION G-15 Sesl Thermat Degradetion -> AR Comparsment Lesk, Crit.  Fire, Uncontsinad engine faiure
V418Q0.167 SSME NQZ2Z1E ENCAPSULATION LEAK F Nozzie V1294.010 Seq 03 COMBUSTION Caold or Hot Wal Theu-Crack like Crown Erosion, Brazeloss. Fire, Uncontained engine feilure
-TEST . . X “Tube Ends -> Repsir; UAI Performance Loss: Crit 3 bo Crit 11
VAIBUO0.353-D  NQZZLE VISUAL INSPECTION EKSC Nozzle V1011.02 Seq 08 V1038V 2 Seq 08 COMBUSTION ' Ercmed Tube Crowns > Leakage up to Crit 1; Tube Buiges -> Fire, Uncontaied engine failure
; Trip HG Flow o Shock Weve > Dyn. Destruction NZ, Crit 1, Re.
. . . wntry Anneating -> Mat") Degradebon, Bursi -> Crit. 1
V41BUQ.353-E ’NOZZ_E PARENT METAL DISCOLORATION - EKSC Nozde V1011.02 Seq 05 V1038VL2 Seq 08 COMBUSTION Erosed Tube Crowns -> Laskage up to Crit 1; Tubl Buiges -> Fire, Uncontamed engine failure
NSPECTION Trip HG Flaw or Shock Wave -> Dyn. NZ, Crit 1:Re
orry Annesling > Mat.| Degradation, Burst -> Crit. 1
V41BUC.081-8 FUEL SIDE TRANSFER TUBE INSPECTION PLRU Powerhead V5E08 Seq 12 COMBUSTION Impect when HPFTP Removed Fire, Uncontained engine fakure
V4iBU0.0A2-8 ;OXDEER SIDE TRANSFER TUBE ‘PLRU Powermnesd VBED2 Seq 14 COMBUSTION Inspect when HPOTP Removed Fire, Uncontainad engine failure
| NSPECTION
V41BU0.081-C :FUEL PREBURNER INSPECTION "PLRU Prebumer VSEDG Seq 12 COMBUSTION Inspect when HPFTP Removed Fire, Uncontained engine failung
V418U0.081-D . FPB LINER INGPECTION PLRU Preburmner VSEQE Seq 12 COMBUSTION Inapact when HPFTP Removed Firs, Uncontainad sngine failure
VA1BUO.OR2-C  OXIDIZER PREBURNER INSPECTION PLRU Prebumer VBEQZ Seq 14 COMBUSTION Inspect when HPOTP Removed Fire, Uncontsined engine failure
VA1BU0.0020  OPB LINER INSPECTION PLRU " Prabumer VSEGZ Seq 14 COMBUSTION inspact when HPOTP Removed Fira, Uncontained angine failure
VA1BUQ.0SS  'OXID P/B INJECTOR ELEMENT INSP TC, MSP " Prepumer VSEQ2 Saq 14 COMBUSTION Posts Pinned. Loss of Ping -> incresse Demage ko Fire. Uncontained engine failure
Post > Loss of Post into Turbine, Crit 1 or internel Leskage ->
. Overhaat Turbine, Crit. 1
VAIBUOOSE | SSME FUEL P/B INJECTOR ELEMENT INSP. MSP Praburmner TBD COMBUSTION Damaged Posts Pinned, Loss of Pine -> increase Damsge to Fire, Uncontained engine faiture
{F ONE OR MORE PINS FOUND MISSING) Post -> Pug Post & Uss of Loss of Pot into Turtine, Crit. 1o
. . . Intemal Leakage Overhest Turtine, Crit. 1
V41BU0.106 FP8 IECTOR OXID POSTS INSP TC Prebumer VBEOG Seq 12 COMBUSTION Damaged Posts Pinned, Loss of Pine -> increase Dai Fira, Uncontained engine failura
Post -> Plug Post & Use or Loas of Post into Turbine. Crit. 1o
. . Internal Leakage Overheat Turbine, Crit. 1
V41BUO.S70  .FPB DIFFUSER INSPECTION DCE Prabumer TeO COMBUSTION Contingency reqnt perormed to inepect for cracks in FPB Fire. Uncontained engine faiye
diftuser. This reqmt will be invoked onty f dsts evaluation of
X HPFTP turbine diecharge emp deems it necessary
VA1BUO.032  OPB FACEPLATE FLATNESS CHECKS DCE Preburmer COMBUSTION Integrity check sfer PO N Fire, Uncantained sngine faiums
Indication of Braze Cracks -> Loss of Element into Turbine, Crit
) . 1; of Intema! Leakage -> Overheat Turbine, Crit. 1
VA1BUC.040-A  E1COMPONENTS INTERNAL INSPECTION EKSC System V1011.02 Seq 08 ‘Boroscope inspection of sccassible sngine aress without Fire, Uncontained engine failure
VAICBO.020-A  E1ENVIR CLOSURE INSTALLATION "EKSC System S0028 Seq 19 0026 Insure that LPFD hetium barier is functional to preciuda  Fire, Uncontained engine feilure
Cryopumping in the avent of & launch scrub which can lesd to a
coflapse of the duct
V41800.080 RN OVERRIDE SEALS LEAK TEST (TWMES TC Vaives TBD Periodic (every 10 starts). To vertly that the RIV shaft sen's Fire, Uncontsined engine failure.
CYCLE) ) maitain override opening pressurs within the RIV.
V41B00.100  AFY SEAT AND SHAFT SEAL LEAKAGE A GP Vaives V1011.04 Seq 07 V1048.005 Seq 05 No LOX in HEX prestart - Crit § . Fire, Uncortained engine feilure
V41BQ0.101  AFY SHAFT AND SEAT ISOLATION F Vaives V1011.04 Seq 07 . V1046.005 Seq 05 Isoimtion check # the v41BQ0. 100 leskage iimits are exceaced Fire, Uncontained engine failure
VAIBOO.170-A  E1PROP VALVE ACT PNEU SEAL LEAK EKSC, LRU Vaives V1011.05Seq 12 | V1294.002 Seq 10 V1046.006 Seq 04 V1011.06 Seq 03 VSE17 Seq 08 Vaive/Sasl Laakage - LRU Integrity Check Fire, Uncortsined engine feilure
V418Q0.171 PROP VALVE ACT PNEU SEAL ISOTEST  F Vaives T80 . _olation check ¥ the V41BQ0.170-A leekage limits are . Firm, Uncontmined engine feilure
V41BR0.030-A _E1AFY CRACKING PRESSURE TEST EKSC, LRU Vaives V1011.04 Seq 07 V1284.002 Seq 17 V1048.005 Seq 05 Verity proper AFV operstion . Crit 1 Fire, Uncontsined engina failure
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OMRSD
MUMBER
VA18UD. 2204
V418U0.220-0
V41B00.010-A

V41800.011
V41BQ0 020-A

V418Q0.021
VA1800.050-A

V41850.043-8
VA1BS0.M3-C
V418Q0.051
V41DQ0.062-A

V418Q0.063
V418Q0.030-A
V418U0.030-8
VA1BU0.030-C

V41800.032
V418U0.031-8

V41B8U0.031-C

V418Q0.034
V418S0.020-A

V41850.021

VA1AL0.010-A

V41AL0.020-A

VA1AL0.030-A

VAIANG.010-A

V41AND.020-A

VA1AND.022-A

VA1AND.023-A
VA1AND.035-A
V41ZAD 010
VT2A0.020-A
VA1AL).000-A
VAIALD.080-A
VA1AU0.080-D
VA41ALI0.016-A
VA1AUO.020-A
V4A1ALIO.042-A
VA1AP0 020-A
VA1ARG.020-D
VA1BUOAST-A
VA1BUO.362-A
VA1BUO 093
V41BU0.096
V418U 097
VA1BUO.008
VT2A00.040-A

Table 8. Engine requirements database (Continued).

, OMRSD DESCRIPTION OMRSD Component | OPF OMrs ENGINE SHOP - VAB/PAD OMI's OTHER OMI's RT OMr's SUBSYSTEM OMRSD RATIONALEROOT CAUSES Root Causs Categories
! (V41 FILE W DATED W1585) EFFECTIVITY ‘ OMrs : CODE
| AFV FILTER INSPECTIONS Veives | v1011.04 POSUS | Vi204.002 POSU 8 V1046.005 POSY 2 chack i verify het fiter i nol pugged which Firs, Uncontmined engine faikure
| J oould lewd b & colmpas of the
| AFV FILTER REPLAGEMENT A | Vaives | v1011.04 Seq 07 V1046.005 Seq 05 V5005 POSU 3 V5087 Touk 28 Contaminetion chack i varify thet ier is not phugged which Fire, Uncontmined sngine falus
; ! : ! . 0ouid lesd 10 8 colepes of ihe
E1 FUEL TP LAWFY BALL SEAL LK TEST | EXSC, ER {HPFTP, LPFTP, MFV  * V1011.06Seq06 V1204007 Seq 03 V1046.002 Seq 03 Verify no LPFTP or HPFTP -0 seel Garbon nows iewkage or Hazerdous gee buidup
: . min fuel veive ball sesl leskage. (Fusl sysiem pressurtzed,
. . i messure leekags into hot gas system)
FUEL TP LIOAFY SEALS ISOLATION TEST 'F HPETP. LPFTP, MFV TBo taoketion check i the VA1BQ0.010-A leakage ks sre Hazardous ges buikdup
€1 FUEL TP PISTMAFLEXWFV LK CK EXSC HPFTP.LPFTP,MFY ' V101105 Seq05  V1204.005 Seq 03 V1048.002 Seq 06 Verfy no LPFTP or HPFTP large diemeter secondery seel Hazardous ges buikdup
wwnnuww(ﬁumm
mwesre lewkege cut of the Auel component desin
FUEL TP PISTANAFLEXAMFV 180 TEST F 'WPETP LPFTP.MEV | V10110680q05  V1294.006 Seq 03 V1046.002 Seq 06 wmmwmvuaoowwm.- Hazardous ges bulkdup
'E1 COMB HOT GAS §Y$ SEAL LEAX TEST EXSC. LRU System VI011.0550q09  V1294.005 Seq 08 V1046.004 Seq 04 Venfy no LPFTP or HPFTP smett diemeter secondery seel Hazardous gas buildup
inakage of clher system leskegos (Hot pas system pressurized,
: meanne isskage out of the fuet component
! E2 HPOTP IMPELLER LOCK VERF | PKSC, PLRU, NRAT V1011.03Seq08 | V5EO2 Seq25 TURBOPUMPS
.E3 HPOTP IMPELLER LOCK VERW “PKSC, PLRU, NRAT V1011.035eq086 | VBED2 Seq 25 TURBOPUMPS
_BSME HOT GAS SYS SEAL LKISO TEST  F _ Sywem TBD leckation chack 1 the V41800.050-A leakege kmits ars : Hezardove gus buldup
{1 SBME COMB HOT GAS TO FUEL 8YS  'PKSC Syshem V1011055600 ' V1294.005 Seq 08 V1046.004 Seq 04 Varity no reverse LPETP or HPFTP carbon noss leskage (Hot Hazardous ges buildup
REV LK CK 908 syslem pressurized, mewsury lsakage into fusl system)
Incorporsted when the pump end i turbine end lesk check dd
. . ot detect existing carbon noss
SSME HOT GAS REVERSE ISOLKCK  F Sywtem TBO Inclation check  the V418Q0.052-A keekege kmita ars Huzzrdous gas buidup
{E1 FUEL BLEED VALVE SEAT LEAK TEST _EKSC. LRU Vahves V101106 Seq04 | V1284.005 Seq 03 V1046.002 Seq 05 Vave Leakage Check : Hazardous gas buidup
'E2 COMPONENTS EXTERMAL INSPECTION EKSC V1011.02 Suq 04 uu-an#:nmcu-umwsww.mmu
;E:lcommsmenmnsrscrmasc V101102 Seq 04 Hm#;um.cmummusmw-'wmu
‘HELH.EDVALVEIE.LMLEMTEST LRU Vaives V1011.06Seq 10 | V1204.005 Seq 03 V1046.002 Seq 07 LRU - Remove and repisce venfcation . Hazerdous ges buidup
|E2 MCC BONDLINE UL TRASONIC ‘Exsc V1011.02 Seq 06 V1035V12 Seq 08 COMBUSTION mm»sw.mt Externel Loak, UA! I
| INSPECTION 1
‘E:MOCBO'IINEIATRNONK: TEKsc V1011.02 Seq 06 | V103812 Seq 08 COMBUSTION cu:nunm-:em.c«n: Exiems! Loak, UAIto
: Xt
OXDH.EE)VAL\EELLOWsIEAKTEST ARU Vaives V1011.06Seq 11 V1284,006 Saq 03 V1046.003 Seq 09 LRU - Remove and reptace verification Hazardous gas buldup
E1 HPETP TORQUE TEST ‘A RIPLRY HPFTP V1011.03 Seq 08 VSEDS OSSU 1 TURBOPUMPS Verify the rolor s tree (o rotete prior o testing Improper start, Ox rich resulting in
HPFTP INVESTIGATIVE TOROUE F HPFTP V1011.03 Saq 08 VSEDS OSSU 1 TURBOPUMPS Wrvaatigative Korque check I the specification limits srs tmproper start, Ox rich resuiting in
. ; excaeded ) engne fre
"E1 GMBAL ELECTRICAL BONDING TEST 'I.ER Avionios V5005 Seq 06 AVIONICS Varifias proper slectricsl sxist batwoon ' Unacheduied Maimenance Action o
tha SSME gimbel beering and the ortiter structurm. Test Deloy
. . . . . periormed eech me the bondnig siraps are disturbed.
E1 ELECTRICAL INTERFACE PANEL LER Avionics : V005 Seq 06 AVIONICS Verifen proper siectrics! grounding axint bebvean  Linecheduied Meintenance Action or
BONONG TEST ! the SSME interiace panet end the orbiler structure. Launch Delay
. . . , )  Tast perionned sech bme the bonding straps are disturbed.
E1 SSME/TVC ELECTRICAL BONDING A |, ER Aviotica §1287 085U 3 AVIONICS Verfes proper " Unacheduied Maintenence Action or
TEST the SSME TVC actustor attach points and the ortier structurs Lsunch Dewwy
) Tewt performed aach ime the bonding streps are deturbed.
"E1 SSME CONTROLLER POWER ‘A ER Avionics VO00IVL4 Seq02  AVIONICS Definas 18 proper sequencing of cockpit switches for Unacheduied Mainianance Action o
APPLICATION Md“mmu-ﬂ-hh\m‘mu Launch Detey
*wir and power.
"E1 AC POWER REDUNOANCY ‘A ER Aviorics V1046.001 Seq 04 VH001V14 Seq 02 AVIONICS ' Provides for SSME AG power whie Acton or
VERFICATION . ) . Controlers are under power lond. Launch Deley
E1 CONTROLLER POWER SUPPLY A LRU Aviorica V1011.08 Seq02 *  V1204.002 Seq 08 VH046.001 Seq 04 VE001VLA Seq 08 AVIONICS | Performe & redurdancy veriication of the SSME controlier Unscheduiad Maintenance Action o
REDUNDANCY VERE Controker channeis ARC end BAC are unch Delsy
: i verified. This procedure miuc varifies !he backup memory
, | power e functional and verifies the AC sppsed +10 V
E1 CONTROLLER 28V MEMORY TEST LRU Avionics V1294.002 Seq 03 AVIONICS Verifies the capebiity of B 28 volt DC and bettery systems sre  Unacheckuiad Mesntenance Action or
. : . hoiding up the controker memary. Launch Deley
E1 COMMANDED CONTROLLER A ER,LRU Avionica V1011.08Seq02 ~ V1204.002 Seq 07 V1046.001 Seq 04 VS001V14 Seq 09 AVIONICS Controller Changeout Verificstion. Functionst hardwere and  Linacheduled Maintennos Action or
B N , softwars checkoul. Launch Deley
SSME HARNESS REPLACEMENT RETEST  LRU Aviorica ; VSED2 Seq 27 AVIONICS " Defvos the continuity and ineuieson resistence teets (o be Unacheduled Meintersnce Action or
. perfored on any repiacement hemess instatied on sn engine Lsunch Deley
EN t READINESS TEST A LRU Avionics VB001VL4 Seq 02 AVIONICS Unachaduled Mainterance Action o
X ; Lsunch Deisy
£1 GIMBAL BEARING SENSOR ER,LRU Instrumentsion V1046.001 Seq 12 VI001VI4 Seq 02  AVIONICS inatrumontetion integrity chackout Unachaduied Mainterence Action or
CHANNEL IZATION VERF . ot
E|POSY-FLTSTWGAGEQ'IECKOUT "AEKSC Instromentaiton V1011.02 Seq 04 AVIONICS Part of this check is Weid #3 Strain Gage chackout - sededto Unacheduied Mainienance Action or
| . ensure shecirical continuity of gage after bond is sssured Launch Deley
E1 POST-FLIGHT SENSOR CHECKOUT A, EKSC Insrumentsion VB001V14 Seq 02 AVIONICS instrumentation integrity checkout Unacheduied llul;:;u‘alon or
E1 INSTRUMENTATION A ER Instrumantation V1046.001 Seq 13 VE001VLA Seq02  AVIONICS Inatrumentation integrity checkoot Unacheduled Mainksnance Action or
| VERIFICATION Launch Deley
‘Eu';zkmCMmeN ER.LRU lnstrumentation V1011.06 Seq 08 ' V1204.002 POSU 11 V1045.001 Seq 12 AVIONICS Instrumentation infegrity checkout Urrechechied Mainisnance Action or
'VE Delay
"E1 HPOTP STRAIN GAGE DEBOND TEST ' A, FLRU, |, NRAT Inatrumentation V5E02 Seq 27 & AVIONICS Wald 3 Strain gage in place o detect Lneven bearing weer—  Unacheduied Maintsnance Action or
i j . . V1294.002 debond Weet needed 1o sneure acceptable data on next fight Deley
£1 MFVA PRI HEATER POWER ON [ Velves AVIONICS Changaou Verificetion Unechecuied Mainisnence Action or
| E1 MFVA SEC HEATER POWER ON ) Veives AVIONICS Changeout Verticetion Urmcheduled Meirtenance Action or
'E1 POST FLIGHT MCC LINER POLISHING ' EKSC MeCC V1011.02 Saq 05 i V1036VL2 Swq 08 COMBUSTION Remove Liner Roughness from iitenee Environ. -> Erosion -> ~ Unecheduled m-:mu
. . , . Laskage, Pedormence Lows
E1PRELAUNCH MCC LINER POLISHING ' A McC $1287 0SSU § COMBUSTION Remove Surfscs Cxidhation -> Erosion -> Laskage, Unacheduled Meintenence Action or
Performance Loss Tows
HGM FUEL SIDE DYE PEN INSP (PHASE 1) 'TC Powernesd VSEOS Seq 12 COMBUSTION Linec Mat.1 & Tranwior Tube Weld Thru-Cracks > By-pess Fiow  Unechaduied Meintsnence AGtion or
Parformance Loss loss
'HGM OXID SIDE DYE PEN INSP (PHASE I 'TC Powerhesd VSEQ2 Seq 14 COMBUSTION ;MMIJATMYUMWUMMW-)WWFW Unscheduied Meinknence Action or
"HGM FUEL SIDE DYE PEN INSP (PHASE  'TC Powarhaad VSEOS Seq 12 COMBUSTION Liner Mat 1 & Translor Tube Weld Thru-Cracks -> By-pass Flow  Unecheduled Mainlenance Action o
I Parformence [
"HGM OXID SIDE DYE PEN INSP (PHASE Ih+). TC Powerhead VSEO2 Seq 14 COMBUSTION mewnmdutmmnmc:maarmnpm Unacheduled
. Performance L Pedormanca ioss
VERFY SSME 1/ | COMMAND PATH A LRY Avionics VB001VL4 Seq 02 AVIONICS.




LE

VBBAGD.123-A
VSBAGD.123-B
'V41CBO0.080-A
Va1CB0.085-A

V418Q0.000-A

V41BQ0.091-A

V41B00.082
V41AS0.020-A
VA1BUO.0OT3-A

VATBUD.0I0-A

V418U0.03)
V41BU0.380-A
V418U0.510-A

V41BU0.520-A
V418U0.530-A
VAIBWO.031A

VA1BW0.034

V4 1BWO0.050
VA1CB0.010
VA1CBO.012A

V41C80.030
VA1CB0.080-D

V41CBO0.080-E

V41CB0.081

VATAS0.030-A
VAIAS0.030-D

V41BUO.130-A
V418U0.130-8
V41AS0.010-A
VA1BQ0.040-A

V418Q0.041

VA18Q0.120-A
V41BQ0.12t
V41B00.130

V41BQO.140-A

VA1BQ0.141-A

V41B00.150-A
V418Q0.180
v418Q0.190
V41BQ0.191

V41BU0.070-A

Table 8. Engine requirements database (Continued).

OMRSD DESCRIPTION OMRSD Component OPF OMI's ENGINE SHOP VAB/PAD OMrs OTHER OMTs RT OMrs SUBSYSTEM OMRSD RATIONALEROOT CAUSES Root Cause Categories
(V41 FILE H DATED 9/15/95) EFFECTIVITY OMr's CODE
{VERIFY SSME 1/EN 1 STAT CHANNEL  A,LRU  Avionica VB001VLA Seq 02 AVIONICS
"ENJ 1 FM SYSTEM INTERFACE DATA LRY Avionics S0017V113 Seq 42 AVIONICS
EIU 1 POWER REDUNDANCY A LRU Aviorncs VB001VL4 Seq 02 AVIONICS )

E1 HEAT SHIELD BUANKET INSPECTION A Heel Shieid 51287 Seq 04 HEAT SHIELD Thermel Deformations > ATt Leek to Almosphers > 4Gt 17~
'E1 EMHS INSPECTION A Heat Shieid V4140018 HEAT SHIELD :
| HYDRALILIC DRAIN LINE INSPECTION T Linea/Ducts V1284.002 Seq 19 V1048001 Seq 13 HYDRAULIC Periodic inspaction (every 10 tests) of hydraulic actustor shaft

|(TINE & CYCLE) . vovls

SUPPLY QD PRE-MATE INSPECTION [ Lines/Ducts VB002.06 Seq 03 HYDRAULICS Verty Configuration

"RETURN QD PRE-MATE INSPECTION ' ‘ Lines/Ducts V8002.06 Seq 03 HYDRAULICS Venty Configuration

{SUPPLY QD DEMATE INSPECTION Nl " Linea/Ducis. VO002.06 Seq 03 HYDRAULICS )

"RETURN QD DEMATE INSPECTION Ki UinesDucts V8002.06 Seq 03 HYDRAULICS

"E1 MCC INJECTOR INSPECTION EXSC McC VIDI1.01 POSUS  V1294.008 Seq 02 V1038VL2 Seq 08 COMBUSTION " H20 or Contaminants in Acoustic Cavities

'E2 SSME NOZZLE BUMPER ‘PLCL "Nozzle 50028 Seq 19 50026 V1038VL2 Seq 14  COMBUSTION Inetat Protecve Bumpersfor Grourd Transpod oo ko STS

{INSTALLATION . . Stack > AR Mandoid Impact, Thru-Crack -> Liakage to

E1PCA FUEL SIDE INTERNAL LEAK TEST ' EKSC. LRU PCA VI01105Seq12  V1284.002Seq 10 V1046.006 Seq 04 V1011.06 Seq 03 mmmmmmmmmu-n

. PAV vent port ssal is not leaking beyond acospiabie limits.

. . Also chacks fued purge 8nd biead vaive solenoids and fuel

E1PCA LO2 SIDE INTHPV ST/SFT SLLKG ' EKSC, LRU PCA VID1105Seq12  V1294.002 Seq 10 V1046.006 Seq 04 V1011.06 Seq 03 Combined teet demonetrates that the emergency shutdown
solencid vertt port seel is MG lesking beyond scceptable limits.

) : Al the HPV poppet and shaft seals are verified

' PCA LOZ SIDE/PV LKG ISOLATION 13 PCA TED Performed onty when combinad tast indicaies axcessve

E1 PNEUMATIC CHECKOUT EKSC, ER, LRY Preumatics V1011.06Seq04  V1204.002 Seq 11 V1046.001 Seq 06 ENGINE Planned Prafight Chackout

‘€1 PNEUMATIC VENT FLANGE ¢, LRY " Preumatics " ¥1294.002 Seq 10 Flow Varification

| VERIFICATION . . .

|E COMPONENTS EXTERNAL INSPECTION. EXSC Sysiem V1011.02 Seq 04 Handing Demwge, Clesronce Checks, Looss Spot Wekds on or
Meited TPS

' FUEL SYSTEM LAI INSPECTION EKSC System V1011.02Seq 04

€1 HELIUM BARRIER SYS INSPECTION A LRU "Syswm 51287 Seq 06 VB018.002 Seq 07 oUcTS Verty Bag intact

"E1 SSME TO ORBITER GIMBAL ER. MOO, LRU Systom V1063 Saq 14 Intarferance Check

- CLEARANCE CHECK ) .

"E1 GIMBAL CLEARANCE CHECK 'ER, MOD. LRY "Systom V1063 Saq 14

£1 SSME-TO-EMHS CLEARANCE CHECK A System V41.50024 HEAT SHIELD

£1PREPS FOR OPF ROLLOUT A Sysiem V4120003 Verifies that the argine ks configured for transfer from the OPF.
TVC sctustor locks restrain sngine movements and covers

. . . protect against cortemination

|INSTL SSME STORAGE/SHIPPING COVERS. ERS Systom V8057 Defines the condiions goverming use of the subject prokective
Covers

| OPENING CLOSEOUT COVERS = System V5057

SSME POSITIONING POST LANDING .PLCL Sysiem 50028 Minimize rain of other contaminants entry Into tha nozzie

!E1 HE BARRIER SYS INSPECTION POST EKSC 'System V1263 Soq 04 VBO018.002 Seq 07 V1038VL.2 Seq 06 DUCTS Verty Bag Intact

FLIGHT

' FERRY FLIGHT SET INSTALLATION FF . Systom V1038VL2 Seq 06 InetaH Protective Covers, otc. for “Piggy-Back” Fly

ENGINE DRYING - 15T PURGE (PHASE N} EKSC ' System V1294.008 Seq 04 COMBUSTION Controis the criteria used 1o perform engine drying
following each figil. Pressures. termperatures, minimum

. . . dursions and configurations ars defined

ENGINE DRYING - 2ND PURGE (PHASE I} 'EKSC System V1294.008 Saq 04 COMBUSTION Controis the critorta used ¥ parform sngine drying operations.
foliowing each flignt. , temperatures, minimum

; . durstons and emﬁgnrwom are definad

DRYNESS VERFICATION (PHASE W) EKSC System V1294.008 Seq 05 COMBUSTION Requires  verfication of drynees, defined by a maximum

: moietre Crilerta. 10 be performed fotowing completion of drying

E1FRT CHECKOUT EKSC, ER, LRU Systems VID11.06Seq06 . V1284.002 Seq 13 V1046.001 Seq 08 ENGINE Planned Prefight Checkout

“E1 FRY PNEUMATIC SHUTDOWN SEQ | EKSC, ER. LRU ' Sysieme VIOT1.06Seq08 -+ V1294.002 Seq 19 V1046.007 Seq 13 ENGINE Prenned Profight Chackaut

DATA VERKF

“E1 YAW MPS TVCA ALIGNMENT 'LRU, 18T e L

‘E1 PITCH MPS TVCA ALIGNMENT ‘LRU, 18T Tve T8O .

"E1 ACTUATOR CHECKOUT EKSC. ER, LRU I verves V1011.06Se05  V1284.002 Seq 12 V1046.001 Seq 07 ENGINE Planned Prefight Checkout

| E1 OXIDIZER PROP VLVS/PRG CV LEAK ' EKSC, | Vaves VI011.0550q08  V1294.012 Seq 04 V1046.004 Seq 04 V1294.005 Seq 06 Check Vaive Faure - Contsmination; STS-56 abort

TEST . ! invesbgation risk mitigetion

OXIDIZER PROP VLVS/IPRG CNV ISOLATION F Vatves V1294.012 Seq 04 Teoimtion check # the V4 1BQ0.040-A leaksge Imits are

| TEST ; excovded

{E1002PROP VALVE BALL SEAL LEAK  EKSC, ER "Vaives VI011.0556q07 | V1284 007 Seq 03 V1046.003 Seq 04 Vaive Loskage - LOX system intagrily check

LOZ PROP VALVE BALL LKG ISOLATION  'F Vaivea TBD inciation check  the VA1BQO, 120-A ieakege imits are

"RV SMAFT SEAL LEAK TEST (TIME & (7€ Vaives : TBO : Vaive Leskage

'E1RIV SEAT FLOW TEST "EKSC *Vaives | VIO11.055eq08 V1264006 Seq 03 V1046.003 Seq 08 Voive Leskage

E10BV SEAT LEAK TEST 'ERSC, LRU Vaives V1011.05 Seq 06 V1284.006 Seq 03 V1046.003 Seq 06 Vaive Leakage

'E1 GCV CHECK VALVE LEAX TEST EKSC, LRU Vaivos VI011.04 Seq 06~ V1264.006 Seq 03 V1046.003 Seq 06 Vatve Leskage

HPV CHECK VALVE LEAK TEST 1 Vaves D Vaive Leakage )

OPOV SLEEVE TEST & WINOOW CALIB 1. LRU Vet V1294.002 Saq 14 VSE17 Seq 09 Sets Opan Loop Commend % - Lised to adjust start sequence

"EPOV SLEEVE TEST § WINDOW CALIB 1, LRU Vaives V1284.002 Seq 14 VSE1S Sets Opan Loop Command % - Used Io adjust start sequence

E1 AFT CLOSEOUT INSPECTION A Veives 31287 0SSU 8 Final look before launch
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Table 8. Engine requirements database (Continued).

OMRSD OMRSO DESCRAIPTION } OMASD Compenest OPF OMI's ENGME SHOP VAS/PAD OMI's OTHER OMM's RYOMI's SUBSYSTEM OMRSD RATIONALEROOT CAUSES Root Cause Categories
NUMBE (V41 FILE W DATED EFFECTIVITY Lol cone
__W159%) 'y
VAIBLO 050 SSME WELD 22 & 24 LEAK CHECK PKSC, NRAT HeOT? V1011 05 Saq 07 V1294 007 Seq 04 V1046.003 Saq 07 Due to poor procaseing, HPOTP bakence cavty standol? Aft Compartment
wekds are lank chacknd -~ NO leaks over werified, bt fack overpressurization o ey
of weid penatration wp 1 90% hes been found on thess
woids. Stantofts heve been suapecied of isaking and
Gaureed return to Caroga
VA18L0.080-A €1 HPOTP PLUG WELD LEAK CHECX PXSC. NRAT ware V1011 05 Se 09 V1204 D04 Saq B4 V1046004 Seq (4 V1294005 Sag 07 Plug weid loek occurre on & un ~ Concem over these A Compartment
wakds eaking ether Gox/Hasum/Hot Ga inko bouttad -~ Overpresearizaon or te
thervtore s exiemal plug weits on The houaing are
chaciend
VAIAXD TD-A E102 FEED (JOINT O1) UF LK K ER, PR, OMOP UneeDucts VAD11.05 Saq 07 V1046 003 Saq 05 UCTS Enaure joint wtagrity of LPOTP 1 gurnp inket ducting At Compartment
tw 8 aratng
VATAXD.02-8 €1 LH2 FEED (IOINT F1) UF (K CX €A, PR, OMOP LnewDucts VD11 05 Seq 05 V1046 002 Seq 04 DUCTS Vertly pump iniet joint intagrity afler inaking the LOFTF AR Compartmant
28tion of fire
VATAXD 020-C E1 GH2 PRESS (JOINT F9 3) LF LK CK ER, PR, OMDP LinewDucts V1011.05 Seq 08 V1046 004 Soq 04 DICTS Joirt Integrity Post Engine nstallation AR Compartment
o ey
VATAXD.020-0 E1 LO2 BLEED (JOWT 015) VF LK GK ER, PR, OMOP Linew/Ducts. V1011 05 Seq 07 V1046 003 Seq 05 oucTs it Integrity Post Engine (natalletion Aft Compartment
overpressurization o fire
VA1AD 020-£ E1 LH2 BEED (JOINT Fi3) UF LK OX ER, PR, DMOP Unes/Diocts V1011.05 Saq 05 V1045 002 Seq 04 oUCTS Joink Integrity Post Engine instaetion AR Compartment
of firs.
VA1AXD 020 F EY HELRIM (JOINT P1) VF LK CK ER, PR ONDP Linew/Ducts V1011 05 Seq 12 V1046 001 Soq 05 V104 006 Saq 04 oucts Joirt inkegrity Post Engine installtion AR Gompartmant
: i
VAIAXD 020G E1 GN2 (JOINT N1) UF LK X ER, PR, OMDP Unew/Ducts V1148 Seq 15 V1046 005 Seq 03 oUCTS Joint interyy Poet Engine Instalition ANt Compartment
fra
VATAXD.020-H E1 HYD - PRESS (JOINT H1) UF LK €K ER, PR, OMOP LinewDucts VSEL7 Saq 08 VsEll V002 06 Seq 05 ouCTS Joirt Indwgrity Post Enene instalistion A Compastment
fire
VATAXD 01 E1 HYD - RETURN (JOINT H17) IF LK CX R, PR. OMOP Lines/Duets VSEN? Seq 09 VSET8 V9002 06 Sea 05 ouCTS Joint irimgrity Poat Engina lnstatation AR Compartment
overormaurization of e
VA1AXD 050-A €1 GO2 ORI/SSME INTERFACE FLANGE AR Unew/Ducts V1045 005 Seq 05 ouCTS Soint integrity Post Engins nstelation AR Compartment
LEAK CHECK varpressurization or fire
VATELO.03 SSME ENCAPSULATION POWER HO LEAX OX EKSC & ER Powsrhwad V1294.007 Seq B4 ENGINE SyStom nak Intogrity check for leunch - Mat | or Weid AR Campartment
- R . I Theu-Crack; Seal not Seated -> Crit 1 or firs
VA1BLO0R SSME ENCAPSULATION FUEL SYS 1S TEST F System V1294 007 Seq 04 ENGINE Systen leak ntegrity check for launch - Mat | or Wekt Aft Compartment
Thru-Crack; Saal not Seated -> Crtt 1 bon or fira
VA1BLO 033 SEME ENCAPSLILATION 0XID SYS iSO TEST [ Systom V1204 007 Seq 04 ENGINE System leak Irtagriy chack for leunch - Mt 1 or Weid AR Compartment
Theu-Crack: Seal not Seatad -> Crit 1 on or few
VA1BLO 034 SSME ENCAPSULATION HOT GAS §Y5 IS0 TEST | F System V1294.007 Saq 04 ENGINE Systemn ok Integrity chack for lunch - Mat | or Weid Af Compartment
. Thew-Grwok, Soul rel Genios -> Cok. ¢ [ad
VA1BR.010-A E1 GO/GCV EXT LK CK & ORIFICE VERIF EKSC, | Vo V101104 Saq 07 V1284 002 Seq 17 V1046005 Seq 05 V1294 006 Seq 05 Establiohes loak teet of a8 QReSOUS Cxygen wystem Jorots AR Campartment
1rOm the AFY 1 the orbitar intertace on an each figN besis averprasaurization of rs
VAIAQR010-A £1 SENSOR CHECKOUT EKSC, ER, LAY Instrumeation V1011.06 8aq 02 V124,002 Seq 06 V1046.001 Seq 04 VR0U1V1 4 Seq 02 AVIONICS Prannad Prefight Chackiut Evonenus shwidown. loss of vankie
VATALD 013-A ET A ER Instrumentation V1046 001 Seq D4 VI00TVLA Seq 02 AVIONICS nmtrumertiation integrity checiout Erronsoun shutdown, ioss. 0f vehice
VA1BU0.250-4 €1 SENSOR IR VERIFICATIONS EXSC, LAU Inirumentaton V101102 Saq 07 Functxanel check of ssch furbine discharge ismp Erronsous shutdown. loss of vehicie
V41850 020-A E1 HEX COIL LEAK TEST A EKSC. PLRU HEX V101104 Saq @2 V1294003 Seq 63 V1046 005 Soq 06 HEX Wat_ 1 (Einngar) o Weld Thru-Crack: HPOTP instatition Fire, Uncontained srgine fasure
Impact Hole -» HG % Tank, Crit 1
V41600090 SSME HEX CONL PROOF TEST PLAU HEX V101104 Seq 03 V1284009 Seq 04 V1046 005 Seq 07 HEX Mat 1 (stringer) of Weid Theu-Crack. HPOTP irataliation Fite, Uncontamed engine Riure
Smpact Hole -> HG to Tank Gt 1
V41BU0.086 HEX EDUY CURRENT INSPECTIONS (TIME & CYCLE) | TC HEX ¥1011.02 Gag 11 HEX Thin Wals Fom Brackat Wear, Manut - Thru-Crack, HG Firs, Uncortained engine fakturs
wsaage to Tank, Crt |
vA18UD.115 HEAT EXCHANGER INSPECTION © VSEDZ Seq 14 HEX Visbie (mpect Damige. Brackst Wear - Theu-Crack > HG Fire, Uncontained sngna tiurs
fo Tank, Crit 1: Turn. Vana Cracs -> Lows of Vane impact
Mi Post > Demage o Crit 1
Va1 125 HEX VISUAL INSPECTION _ PLAU HeX VSEU2 Seq 12 X HPOTP ingtaition Impact Hole -> HG to Tank Cr 1 Fr, Uncontauned angine tuhure
VA1BUCO75-A E{ HPFTP INTERNAL RSPECTION xSC HPFTR V1011.02 Seq 08 TURROPUMPS Verity o0 infet or diacharge sheet metal cracking, no Fire, Uncontaned sngine fakurs
Nazzks cracking or wowor, 1o biade cracong, piattorm
Cracking, of sromon; o fmOuh sesl cracking or
missing pces. no ballows shield cracking. (AN
Mapactions completed with turbopump ins
VAIBU0.079 HPFTP FIRST STAGE BLADE 22X Tc, DeE HPFTP VSEDE Seq 14 TURBOPUMPS Verily no biade cracking dus to ravious occuances of sk of cracking Fira, Uncontained engine fadure
V180 080 HPFTP TURBIME INSPECTION (TIME & CYCLE) pysc weTe VSEOG Seq 14 T TURBOPUMPS Vartly o inket o diecharge sheel metal cracking Fire, Lncontaned engne talure
nekding wekd 450 and the tursing venes. o nazze
craciong of sromion; no blade cracking, pletiorm Gracking,
OF srowon, mum-luwvmmuwm.
70 belkowrs stiekd cracking via dy
V41BUO 087 HPETF BELLOWS HEIGHT VERF PLRY HPFTP V5E08 0SSU 2 TURBOPUMPS Vertly bellows height adequats to provide proper Fita, Uncontmned engine tailure
preiond on the befows at inatatation. Incorporated as 2
e of & previous fakurs of the belows
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Table 8. Engine requirements database (Continued).

OMRSD DESCRIFTION
(41 FILE (% DATED
V1585)

OMRSD
EFFECTIVITY

Comgonant

VAB/PAD OMI's

OTHER DMI's

RT OMF's

OMR3D RATIONALE/RDOT CAUSES

oot Catse Catagoriss

VAICB0.050-A

E1 HPFTP TURRINE BEARING DAYING

EXSC

¥1011.01 Seq 03

V9018 002 Seq D4

V1038VL2 Seq 07

TURBOPUMPS

Ensure all moisture is removed from the bearing area
after o testight

Fire,

Uncontained engine fadure

V41800.110-A

£1 HPOTP PRIMARY OXID SEAL LEAK
TEST

PXSC_NRAT

V1011 05 Seq 07

V1204 006 Seq 03

V1046 003 Seq 07

Checks far excessive lexkage of LOX/GOX trom the
HPOTP seal - Protects agaiat axcesswve fiow
ovarcoming the barrer seal and from having excessive
tankage lowses duting the chill down of the engme. Ksl
F el does wear during operation

Fire,

Unconteined angine fuilurs

V41850 040-A

E1 HPOTP TORQUE TEST

EKSC, RI. PLAU. NRAT

HPOTP

V1011 03 Seq 08

V5E02 Seq 25

TURBOPUMPS

Dana 1 anaura rotor ia not bound up priot to start -
concern over contamination I high and aiso start
charscteristics X rotor i siow to pin - contamination
has bawn found around the rotor but only once enough
10 effect start (rusted P/E bearings)

Fire,

, Uncontained engine futurs

V41850 042

HPOTP INVESTIGATIVE TORQUE

£ NRAT

HPOTP

VID11.03 Seq 06

VSEQZ Seq 25

TURBOPUMPS

Done onty 10 run in & high 101que pump 1 bring the
torgque value beiow spec

. Uncontained angine failurs

V41B50.043-4

E1 HPOTP IMPELLER LOCK VERIF

PKSC, PLAU, NRAT

HEOTR

V1011.03 Seq 06

VSE02 Seq 25

TURBOPUMPS

Locking festure was avercoms on a HPOTP PP impeker
bolt kock during torque bestalspinming of pump for
inspactions. Recurrence control s Lo onty turn the
Pump in the bok Eightening direction during inspections.
and m check the locking testure aher al

Fire, Uncontained engine feilure

V41850.045

HPDTP MICROSHAFT TRAVEL

PKSC, NRAT

HPOTP

V1011.03 Seq 06

TURBOPUMPS

Turbine besrings have warn very quickly in pest -- this
mstsurement = to eneure that the bearings are stit
capaie of 1 fhght prior 10 a lmunch.

Fire.

Uncontaimed angine failore

V41B00.110-A

E1 ATD BLOCK W1 HPOTP
PRIMARY OXID SEAL LEAK TEST

PXSC. NRAT

HPOTP

V101105 8eq 07

V1294.008 Seq 03

V1046003 Seq 07

This leak check was never parformad during HPOTP/AT
cenffication The data obtained is erratic and s probably
indicative of only grosa seal imperfections (which would
most likely be detected through torque checks) Itis
currertly an OMASD requirement

Fire,

Uncontamed engine fakura

VA1BUG 085-A

EY HPOTP INTERNAL IWSPECTION

PKSC, NRAT

HPOTP

V1011 02 Seq 08

TURBOPUMPS

Visual inspections of turbine herdware (sheetmetal
nozzies/ bisdes) dut 1o cracking and erosion seen in the
Past, of the main pump iniet / nducer due 1o cavitation
damage and comamination found in the past. of the PEP
impetler inlet due to kocking fest

Fire,

. Uncontained engine farlure

Y4TBUO.086-A

VA1BUC 390-A

€1 HPOTP TIP SEAL AETAINER

PKSC. NRAT

HPOTP

E1 LPFD OVALITY CHEGK

Lines/Ducts

V1011.02 Seq 10

V9018002 Seq 10

TURBOPUMPS

Verities 18t stage tip seal retainer screwa bave not
rotuted Couid kead to blade faslure.

Firy, Uncontained engine faikure

Ducts

Contingency st parformed only whan the LPFD hefium
burrier system has been damaged. Object is 10 detect
potential doct collapsx of separation from the leyr of
insulation by measuring the roundness of the duct

e,

Uncontained engme failare

Y418U0.400

PERFORM LPFD XRAY INSPECTION

DUCTS

Contingancy reqmt preformed only when the ovainy
check indicates that some damage of collapse has
occurred in the LPFD. The cross section i X reyed in an
aftempt to verify presence of damage.

Fite, Uncontained engine failure

¥41B50,050

EXSC R PLBY

HPQIP

Y1011.03 Se9 06

VSEQD Seg 26

HPQTP/AT TOAQUE TEST
HPOTP/AT

Bepieced by Y41950.040 A

anging taducs.

Y1011.02 Seq 06,

YREMR Sea 25

Aeplaced by ¥41850.042

VA18U0 405

TORQUE
SSME LPFD TRIPOD LEGS INSPECTION

£
oce

Linea/Ducts

TBD

oucTS

Performed to inure LPFD structural integeity
Inapaction i parformed N poat fKght dats evaluation
reveals HPFTP unacceptable rynchronous frequences.

V4I1BU0.085-A

EY ATD BLOCK Wit HPOTP
INTEANAL INSPECTION

PKSC, NRAT

HPOTP

V1011.02 5eq 08

TURBOPUMPS

enging tailure
Uncontained angine failure

No HPOTP/AT intemal inspections were made during
certification. inspections of the lurbine, munstege
pump ang PBR inlets, and ol thrce bearings heve been
26ded only because the napections aren’ time
conauming and because some ‘human error’ could be

Y41BSO.00A

£1 LPFTP TDRQUE TEST

LPETR

V101103 Seq 4

TURBOPUMPS

Verity rotor s free to rotate priar 1o festing

V41BUD 127

HPOTP/AT PBP TEBOLT LOCK

A BILPSIER PLRY
[

HPOTP

vigii o

TURBOPUMPS

engine fuiure
. Uncontuined engine fuiture

V41080 085

SSME HPOTP/AT TURBINE BEARING

A PXSC

HPQTP

¥1011.07 Sgq 77

sngine fabure

PxSC

HPOTR

V101101 Seq 03

V1204 008 Seq 04

V9018002 Seq 04

TURBOPUNPS

Very ail moisturs is rsmoved from the bearing arex
after n tesignt.

Fire, Uncontained engine farture

V41850011

RRYING.
LPFTP INVESTIGATIVE TORQUE

V1011 03 Seq 04

TURBOPUMPS

frrvastigative torgue check  the specitication Imnity are
excoedod - torque check faiure generally Ift-oft seal
binding or_laby seal - copper plating rub

Fire.

Uncontained engine faiture
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Table 8. Engine requirements database (Continued).

OMRSD OMRSD DESCRIPTION OMRSD Compenent OPF OMI's ENGINE SHOP VAR/PAD ONt's OTHEH OMI's RTOMI's SUSSYSTEM OMRSD RATIONALE/ROCT CAUSES Root Causs Categories
NUMBER (Va1 FILE NI DATED EFFECTIVITY om's COOE
P £ LrDTA TORGUE TERT AR ALER AN wrare e n Vit TLRPOPL P Donn 1o 4naue BI0° W AAT EBNE up prier to slart B Lneanta ned segune ‘eugey
Lanchcs ouer contom moimn € hgh 118 awe wran
[Ty ——— 3 Trovs Tnrorovrs et o
T oRoTe BArT TRAYEL Py Tor i ToasceLwre e wseran LPOTE mrutt veareg man s e
nanneg
WA (JECTOR LOX POST VACULY oLe [— covsueToN Few Urcantumad anginn
oecav
AT TS NIECTON Lo ROAT B Tec Cawiieon o fue trovms WEE e en s merer
€ 1 Lenk, Uneer Fme > Camnusras Perarmancs
vateQn 144 WEC BOLATION LEAK TEAT , wee vrzwaous comsueton Fr———
[ZU LT RPN £1 WCC LINER CAVITY DECAY CHECK EABC LAY et cowILATION trvsters Nhaed engine felyry
€ MGC #0ROLINE U TRASORIC B3 vie Vern Ve o7 Tramenn Gre 1 Erarmary T vreeat o
reciion
[TTTYTINY MTC IMJECTON IRBIIETION WiTh wAFTR (1] wee vheun m et when HBFTP Rymuves Tore, Gneuntiineg engine toture
newoves
vons wEC IECTOR BTECTION W T wROTH o we repent whan HFOTP amave e veeamm
newoven
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Table 8. Engine requirements database (Continued).

OMRSD OMRSD DESCRIFTION OMRSD Component OPF OMI's ENGINE SHOP VAS/PAD OMI's OTHEROMIs | ATOMPs SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Roet Causs Categories
NUMBER (V41 FALE il DATED EFFECTIVITY omr's CODE
L]
VA1BU0.032 OPB FACEPLATE FLATNESS CHECKS OCE Praburnar COMBUSTION Irgrity check afer POP” - ‘POP Damage , Bawing Fire, Uncontained sngine failure
Incheation of Braze Cracks -> Loss of Element into
Turbine, Crit 1, of Interred Laskage -> Overheat Turbine, Crit
V418U 040-A E1 COMPONENTS INTERNAL INSPECTION EKSC System V1011 02 Seq 08 Boroscops inspection of accessible angine aess without Fire, Uncontained engine tailurs
V410B0.020-A E7 ENVIR CLOSURE INSTALLATION EKSC Systsm 50028 Saq 18 S0026 Imwure thet LPFD hekurm barrier system is functional 1o Fire, Uncontained engine tailure
Ppriaciude cryopumping in the event of & launch serub
wihich can lead 1o & coltapss of the duct
V41800000 RIV OVERRIDE SEALS LEAK TEST (TIME & L Vaves THD Periodic: (avery 10 starts). Ta ventty that the RIV shaft Fira, Uncontained engine failure
CYCLE) ouis AN override opening pressurs within the RIV.
¥41800 100 AFY SEAT ANQ SHAFT SEAL LEAKAGE AGP Yahaa 101104 Se0 07 Y1046 008 Seq 05 Ma LOX in HEX prasten - Cnt 1 Fir, i "
V41BOO 101 APV SHAFT AND SEAT ISOLATION F Vaves ¥1011.04 Seq 07 Y1046 005 Seq 05 faoiation chack f tha V41BQ0.100 laiage limits are exceeded Fire, Uncortained angina filute
V41BQD 170-A E1 PROP VALVE ACT PNELt SEAL LEAN EXSLC, LAL Vaves V101105 Seg 12 V1284 002 Seq 10 V1046 006 Seq 04 V1011 06 Seq 03 VSE17 Seq DI Valve'Seel Laniage - LRU ntegrity Check Fire, Uncontained angsne faikre
— TR .. | o
V41800171 PROP VALVE ACT PNEU BEAL 150 TEST F Vahws T80 1 Isolkation check H the V41BQD. 170-A keakage limits are excesded Fire, Uncontained engine failura
Y41RR0 030-A £1 APV CRACKING PRESSURF TEST EXSC IRU Vaives Y1011.04 60 07 V1294 00 feq 17 V1046 O Seq 05 H Verify proper APV operation - Crit 1 Fitn, e failury
VA1BUO.220-A AFY FILTER INSPECTIONS A Vatves. Vi011.04 POSUS V1294 002 POSU 6 V1046 005 POSLI 2 1 Contamination chack to varily that fitsr is not plugged Fire, Uncontained engina faiture
which couid lead to 3 collapes of the HEX.
V41BU0.Z20-D AFV FILTER REPLACEMENT A Vaives. V1011.04 Saq 07 VI046.005 Seq 05 V5005 POSU 3 ! V5087 Task 28 Cortarmirmtian check to verify that fiker is not plugged Fire, Uncortained sngina tailure
' which could leed 10 a colkapee of the HEX.
VA1BQ0.010-A E1 FUEL TP L/O/MFYV BALL SEAL LX TEST EXSC, ER HEFTP, LPFTP, MFV V1011.05 Seq 05 V1204.007 Seq 03 V1D46.002 Saq 03 Verity no LPFTP or HPFTP KR-off seel carbon noss Hazardous gas buiidup
toalage or main fusl vaive bail ssal lewkage. (Fuel
SYRIIM pressurizeg, Measurs leakage mto hot gas system)
VAtBOOOH] FUEL TP L/O/MIFV SEALS ISOLATION 2 HPFTR, LPFTP, MFY T80 Inolation check if the V41800 010-A leskage firmits are Hazardous ges buiklup
TEST exceaded
V41800 020-A £ FUEL TP PIST/MAFLEX/MFV LX CX ENSC HPFTP, LPFTP, MFY V1011 05 Seq 05 V1294 005 Saq 03 V1046 002 Seq 06 Varity no LPFTP or HPFTP irge diamster sacondary sesl Hazardous gas buiidup
leakage or Nafx or MFV lesiags (Fusi sysiem
Presaunzed, Mansure iseiage out of the full component
drain}
V41800021 FUEL TP PISTANAFLEX/MFY 180 TEST F HPFTP, LPFTP, MFV V011 05 8eq 05 V1204.005 Seq 03 V1046 002 Saq 06 ' Inotation chack f tha V41BQN.020-A leskage limits are Hazardous gus buikdup
Socoded
V41BO0 050-A E7 COMB HOT GAS 5YS SEAL L EAX TEST EXSC. LAY System V1011.03 Saq 08 V1284 005 Seq 06 V1045 D04 Seq 04 ! Verify no LPFTP or HPFTP smait diemeter secondary seal Hazardous gas buikdup
' lenkage or other sysiem ieskages (Hot gas system
: preseuvizad, meesure leskage out of the fust componam dram)
| PXSC PLRU MBAT ¥1011.03 Seq 06 Y5EOR Sea 25 : TURBOPUMPS
Y41850.043°C £3 HPOTP MPELLER LOCK YERK JPXSE, PLALL NRAT Y1011.03 Seq 0F V502 50025
VA1BQ0.0St BSME HOT GAS 8YS SEAL LK 180 TEST F System T80 fsotation check if the V41800.050-A tealage imits are Hazardous gas buildup
oxcenced
V41800 052-A E1 BEME COMB HOT GAS 70 FUEL SYS PKSC System V101105 Seq 09 V1294 005 Saq 06 V1046004 Seq 04 Verty no revarss LPFTP or HPFTP carbon noes ieakage Hazardous gas buiklup
REV LK $X (Mot g system vewews ized, meRsure leekage into fuel
system} Incorporaied when the purnp end 16 turbine
end leak chack déd not datact isning carbon Nosa leekage
V41800 053 SSME HOT GAS REVERSE 150 LK CK F System T80 teiation check i the V41800 D52-A ieakage fimits are excesded Hazardous gas busidup
¥AIRO0 030 & Kt FUEL BLEED VALVE SEAT LEAK TER] EXSC LRI Yahom Y1011.05 Saq 04 V1294.00% Seg 03 Y1046 002 Seq 05 Vaive L eakage Check Hazardous gas buildup
V418U0.030-B E2 COMPONENTS EXTERNAL INSPECTION EKSC V01102 Seq 04 Handiing Damage, Clesrence Checks, Looss Spot Weids
on or Meltad TPS
V418U 30-C E3 COMPONENTS EXTERNAL INSPECTION EKSC V11 02 Saq 04 Handiing Damage, Ciasranca Chacks, Loose Spot Welds
on or Melted TPS
V41800.032 FUEL BLEED VALVE BELLOWS LEAX LAY Vaives. V1D11.05 5eq 10 V1284 005 Seq 03 V1046.002 Seq D7 LRU - Remove and repkace verification Hazardous gas buidup
V418L0.031-8 E2 MCC BONOLINE LLTRASONIC EK5C V1011.02 Seq 05 V103812 Seq 08 COMBUSTION Irternat Debonds -> Empioalon, Crit 1, External { aak, (WA
INSPECTION folrt1
V41BU0.031-C E3 MCC BONDLINE ULTRASONIC EXSC V1011 02 Seq 05 V103812 Seq 08 COMBUSTION tritorrat Debonds -> Emplosion, Crit 1. Exterral Leak, UAI
INSPECTION o Crit1
VA1B00.0M OXI0 BLEED VALVE AELLOWS LEAX LRU Vaves V1011.05 Seq 11 V¥1294.006 Seq 03 V1D46.003 Seq 09 LRU - Remoave and repiace venfication Hazardous gas busidup:
1EST B R -—_ —
V41850 020-A E1 HPFTP TORQUE TEST ARl PLRU HPFTP V101103 Seq 03 VSEDE 08SU 1 TURBOPUMPS Varify the rotor is free to rotete prior fo testing Impropac stan, Ox rich resulting in
ongoe firs
¥41850 021 HPFTP INVESTIGATIVE TOROUE F HPETP ¥1011.03 Seq 0% VSE06 055U 1 forque chack it limits ars axcesded Improper wart, Ox rich regulting in
engne fir
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Table 8. Engine requirements database (Continued).

OMRSD OMASD DESCRIPTION OMRSD Compenent OPF OMI's ENGINE SHOP VAR/PAD OMi's OTHER OM('s RTOMI's SUBSYITEM OMRSD RATIONALEROOT CAUSES Reot Cause Catogeries
NUMBER (V41 FILE K1 DATED EFFECTIVITY om's CODE
15/88)
VAIALODIC-A €1 GIMBAL ELECTRICAL BONDING TEST LER Avonics V5005 Seq 06 AVIONICS Vrifies proper slectncal grounding conditions et Unecheduled Maintanance Achon
prrbal bearing o Launch Detay
sinctire. Toat performed wech trme the bonding sraps
e diturbed
VAIALO.020-A £1 ELECTRICAL INTERFACE PANEL LER Avionics V5005 Seq 06 AVIONICS Vesrius proper whectrical grounding condeions st Unacheduted Meitsrance Action
BONDMG TEST ‘etween T SSME elecirical interface panel and the of Launch Detay
ortiter structure. Teat performd sach time te
bonding mrige ars dieturbed
VAIALO 030-A EY SSME/TVC ELECTRICAL BONDING TEST ALER Aviocics 512607 0S5U 3 AVIONICS Varifies propar alactrical grounding conditions mast Unsctduled Maintsnance Action
betwaen tha SSME TV actuekor attach powits and the or Launch Detay
orbiter structure. Tam performad aach time the
bondmg straps ere deturbed
VATANDO10-A E1 S8ME CONTROLLER POWER AER Avorics VI00IVLA Seq 02 AVIONICS Defines the proper sequancing of cockpt swhches for Unacheduied Maintanance Action
APPLICATION appiication of SEME comtroier power as wel as the o Launch uley
ek of the mONROrEC respOness. KOentihes te
‘conetraints for coung ai and FACOS powar.
VA1AND 020-4 E1AC POWER REDUNDANGY AER Avonics V1046001 Seq 04 VIOOIVLA Seq 02 AVIONICS Provides for SSME AC powar recuncency verfication Urechduiect Mairanance Action
VERIFICAT ION iors ars Under power load. of Launch Dely
VATAND.022-A E1 CONTROLLER POWER SUPPLY A LAY Morecs V1011.06 Saq 02 V1284 002 Saq 08 V046,001 5aq 04 VA0 1VL4 Saq 09 AVIONICS Periorme a redundency verication of the SEME Unachecuied Maintenence Action
REDUNGANCY VERE controler power supphes. Controlle channeis ALC ard or Lauech Outay
BAC arm verifion Thia procedune slec verfies the backup
mammory power is funcional and vertfies the AC uppked
+10 V reference chode
VAIANG0Z3A E1 CONTROLLER 28V MEMORY TEST LRy Avionics VI204.002 Saq 03 AVIONICS Verifes the capubiity of the 28 volt OC snd banery Unachacused Meintenance Acton
systems ar¢ hoiding up the controler memory of Launch Dely
A 1 ROLLER CHECKOUT AER LRU Aviorics V101106 Seq 02 V1284 002 Seq 07 V1046.001 Saq 04 VR00IVLA Seq 09 AVIONICS Controbr Changeout Vertication. Functionsl herdeware Urmcheduled Mantarance Action
and sofwers chackout o Lawnch Dely
VAIZAD010 SSME HARNESS REPLACEMENT RETEST Ry Avionics V5E02 Seq 27 AVIONKCS Definws the contieuty snc misulation reszsiance tasts (o Unschedled Mainterance Action
be performed on ny raplacemant hemass ingtslied on an engine or Launch Dalay
VIZAQ0.020-A ENJ 1 READINESS TEST ALRY Avionics VI00 114 Seq 02 AVIONICS Unacheduled Maintartance Action
o Luunch Detay
VAIADOS0A | E1 GIMBAL BEARUNG SENSOR ER,LRU Instrumentaiton V1046 001 Saq 12 VI001VL4 Seq 02 AVIONICS Instrumentaion integrtty checkout Unacheduied Weirtenance Action
of Lounch Dwiey
VAIAODIOA | E1 POST-FLT STRAIN GAGE CHECKOUT A EXSC [Een—— VIO 2 S AVIONICS Pt ol s cluak is Weh! 73 Strain Gags chacteis - Unwohvediert Maimiarance detion
nwecded to ermure slectrical continuty of gage aler o Launch Dsley
bond 18 ssured
VATAUG.090-D [ E1 POST-FLIGHT SENSOR CHECKOUT A BKEC inatrumantaiton VI001VL4 Se 02 AVIONICS Inirumantation Ktagrity chackout Unachedidad Mantsnence Acton
of Launch Deley
A [ermans AER Itrumwntation V1045 001 Seq 13 VE001¥1L4 Sa 02 AVIONICS Instrumentalion inkegrity checkout Unachedhled Meintsrarnce Action
of Launch Deley
VATAUDO20-A | ET SKIN TEMP CHANNELIZATION VERFICATION | ER, LRU Inetrurmectation V1011.06 Seq 08 V1294 002 POSRI 11 V1046 001 Seq 13 AVIONKS Ingtrumertaion intagerty chackout Ltnachecuied Meirtanence Action
e U - . or Launch Dwiey
VAIAOOM2A | E1 HPOTP STRAIN GAGE DEBOND TEST A PLRU, 1. NRAT Inetrumentation VSE2 500 27 & AVIONGS Weid 3 Sitrsin gage 1 piace 1 et wven bearing Uncheubed Mainterance Action
V1294002 dubond fest nesded to ansire acoeptabie deta of Launch Deiey
onned gt
VAIAPOO20-A | E1 MFVA PRI HEATER POWER ON COMMANG ' Vaives AVIONICS Changeous Verification Unecheduledl Maintsnance Action
of Launch Detay
VAAPOQ20-D | ET MFVA SEC HEATER POWER ON COMMANG i Vaives AVIONICS Changeout Ver fication Unacheduled Meinterance Action
— o Lawnch Doty
VAIBUOI61A | €1 POST FLIGHT NICC LINER POLISHING 2T e V101 02 Seq 05 V1038VL2 Seq 08 COMBUSTION Fomove Liner Roughnass from intenss Enwron > Unacheduied Mairtarnce Action
i Eroalon -> Leskage, Parformance Loss o
VAIBUOIS2A | EY PRELAUNCH MCC LINER POLISHING A mee $1287 085U 9 COMBUSTION Hemove Surface Oricketion -> Erosion -> Leekage. Unachadused Merterence Action
Parformance Loss or Performance joss
V418U0.080 HGM FUEL SIDE DYE PEN IMSP (PHABE 1) © Powertead VSEO6 Seq 12 COMBUSTION Liner Mat | & Transior Tude Wekd Thiu-Cracks -> Oy-pass Unecheculed Maintsnance Action
Fiow Performance Los o Pertormance iges
V41000 096 HGM OXI0 SIDE DYE PEM INSP (PHASE If) © Powsheat VSEO? Saq 14 COMBUSTION Liner Wat ' & Traneter Tube Wald Theu-Cracses -> By-pass Unachaduled Manterance Action
Flow om o Partormence ks
VA18U0.087 HGM FUEL SIDE DYE PEN INSP {PHASE 1+ © Powerhesd VSEO6 Swq 12 COMBUSTION Liner Mat 1 & Trarstor Tube Wekd Thru-Gracks -> By-pess Unecheduled Maintermnce Action
Fiow Pertormance Loes o
VA1BUD.098 HEM OXID SIDE DYE PEN INSP (PHABE fls} Tc Powsrhesd VSED? Seq 14 COMBUSTION Liner Mat '} & Tramster Tube Weld Thru-Cracks -> By-pass Unecheduled Mewrgsnance Action
_— Flow Pertormance Loss. o¢ Perioemance ioss.
V72400 040-A VERIFY BEME 1/E1U 1 COMMANE PATH AlRU Avionics VI001V1 4 Segy 2 AVIONICE.
VT2A00.050-A VERIFY SSME 1/EN) 1 STAT CHANMEL PATH A LAY Monca VI001VL4 Seq 22 AVIONCS
1 P SYSTEM INTERFACE DATA WAy Avionica S0017V113 5eq 42 AVIONICS
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Table 8. Engine requirements database (Continued).

OMRSD OMRSD DESCRIPTION OMRSD Componont OPF OMI's ENGINE SHOP VAR/PAD OMI's QTHER OMI's AT OMI’s SUBSYSTEM OMRSD RATIONALE/ROOT CAUSES Root Cause Categaries
NUWBE (VA1 FILE IH DATED EFFECTIVITY Omi's CODE
A NS4S
YIZAWO 930-A EIG 1 POWER nw-oum’vumcn o A LRU Avanics VOOTVLA Rea 02 Av.onicy
V41BUD 420 & €1 HEAT BHIELD BLANKET INOPECTION L] RLUELE B12A) Sen 04 EHAS TEN) ThermesDetermatane > AftLuak e Atmes ’
R
NATAUO A1 A £1 EMHE NOPECTION A Hent Buwid Yardeard HEAT OMIELD
Va1 aun a0 AYORAGLIE DAATE LINE MAPEETION o Cosvioucn e e Ty Vis ot b 3 voskuLe et feey 8 ey
(e s cvee) -
Vit 0PPir G0 PRE WATE WBREETON . i Won ok e w3 Pry—— Verty Cantguranen
YSEAGO 1219 METUAS QD PAE WATE NEPECTION ' Limes/Ouets V9092 08 $as 01 MYDORALL IS Varity Cantguratinn
VARAGO 121 4 OURPLY Q0 DEMATE MSPECTION ] Lnesuen V4202 08 842 03 HYDRAULICY
VIIAGO 1211 METLAN QD DEMATE WSPECTION ' LnmDuen ¥#07 04 a HYORAULICH
VAICHU 080-A £1 MCC INJECTOR 'NERECTION ExsC wee ¥1011.01 PORU 5 VI0INVL2 Ben 04 coususTion H30 ar Contamimante n Acauste Cavitue
ve1C80.008 4 E2 0BME NOZZLE BUMPER pLEL Nozze BO028 bee 1Y sazs [ TeR cousUsTioN inntm Brarmeter Bumpare tar rauna Traneperi piet 1
TaATion BT ek > At Mg Impact, ke Coken > Len
o bt e |
VA1BO0.000-A EY PCAFUEL $IDE HTERMAL LEAK TE: EXBC LAY Pea VU011 08 W 12 V1204 002 & Cambmes tant dumanstratmn mar ne ame
Snutkrmn PAY vant part anat o not waw
Ccaniabi s Aiws chesis
Va1 b n0as 400 togtpurgs 2aY
V41000.00 -4 £1 PCA LOZ 91DE NT/MPY AT/AFT B EXRE LAY pEA V1294 002 & Cumbined wetdemusatrame that the emarganey
LKG nwid vent partarsl m nm s,
e dee e KOV po
. R -~ ure e ,
w4100 002 PCA LO2 BIDE/HPY LNG IBOLATION ¥ A Teo riarmad anry @nen comun
voateoroa T PNEGWATIE EnECROUT e, 08, Th Faevmaies Vian ez ot Founet Pretg Eveniant
VA1BUG 67D -A EY PHEUMATIO VENT FLANGE TC, thy Freumatus V1204.002 Bew 12 Fiow ¥erfeaten
voieo0a 1 COMPOWENTR FRTERVAL WOFEGTION e Ty FTIrTY wox Graee asve Bmi wes
vieaen TUEL BYATLM LAl WRFECTION Taac o P—
[T T WELIUW IARRIER 878 AP ECTION [ Syerem PP 9018 507 hea 7 e e
[T TTARMETO ONKTER M RA CLEARARCE h 40D re Ve e Cho
enece
¥41000.520: 4 £1 GIMBAL CLEARANCE CHECK £A MO0, LAY V1063 Sun 14
LTH PLETIEY £1 BAME-TO CMHE CLEARANEE EHECK A VA S04 HEAT ML D
varawanlra E' PREPE FDR OPF RDLLOVT A var 20003 Verdiow that toa angine u carhgured e mnstar rae
4 QBT TVE sewumr inskn reare engine mavem onte
Vewoon LR ATORAREAN AR COVER e ) e ermng von 2t e euriger
giperve sovery
vrewvone TrERTha ELOSEOUT CovinD W [T
AUE PORTIONING PORT ANDIRG oo aozs P
[T RN E1 HEBAARIER VA ECTION #DRT [T Syimm VD' 8002 Seu 07 VIOIBVLE Seq D8 nuces Verdty
fuent
veigeame FENAY PLIGHT BET INBTALLATION £ LLLL) Y102 819 08 imetaH Pratecte Cavere, ot far ‘Smpy.Bari' Fy
CNGNE DAYG 18T PURCE (PABE 1) b Sy Covausr on  pariem anpne aryng

owwiny pash fyn
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Table 8. Engine requirements database (Continued).'

OMASO OMASD DESCRIPTION OMRSD Component OPF OMI's ENGINE SHOP VANPAD OMI's OTHER OMI's AT OMI's SUBSYSTEM OMRSD RATIONALE/ROUT CAUSES Reot Casse Categorios
NUMBER {v41 AILE IN DATED EFFECTIVITY om's CODE
V1)
VAICHOOB0-E | ENGINE DRYING - 2MD PURGE (PHASE Iy -4 System V1204.008 Seq 04 COMBUSTION Controle the criterta sed to pertort sngine drying
‘oparations foklowing sach fight Pressisres,
. e defired
V41080001 DRYNESS VERIFICATION (PHASE 1) EKSC Sysom VEZM 008 $aq 05 COMBUSTION Faguires 1 verrication of dryness, dafied by & meamum
momlite cHisna. 15 ba parformed iollowing compistion of drywg operation
VA1AS0.030-A €1 ART_CHECKOUT EKSE, ER. LAY Systwmn V1011.06 Seq 06 V1204.002 Baq 13 V1046001 Saq 08 ENGINE Phanyed Prafight Checkout
VAIABDO30-D | E1 FRT PNEUMATIC SHUTDOWN 8EQ EXSC, ER, LRU Systare V1011.06 Seq 08 V1784 002 Seq 19 V1045001 Seq 13 ENGINE Piarvud Prefight Chackout
DATA YERIF
VAR 130A | E1 YAW MPS TVCA AUGNMENT LR, 18T ™ 180
VAIAUQ 130-R £1 PICH MPS TVCA ALIGNMENT 18 18T NG bi: o]
VAIAS0010-4 E1 AGTUATOR CHECKOUT EKSC, ER, LRU Vaives V1011.06 Sag 05 VI294.002 Sag 12 Y1046.001 Seq 07 ENGINE Plannad Prafight Chackout
VAIBO0O0A0-A | E1 OXIDIZER PROP VLVB/PRG LV LEAX EXBC, | Vaves VI0H 05 Saq 09 V1284 012 Gaq 04 V1045 004 Seq 4 V1294 005 S0q 06 Check Vaive Failurs - Conamination, 5TS-55 anort
TEST — — I e [k Mitigation
VA1800 04t GXIDIZER PROP VLVEAPAG CV 4 Vaives V1294.012 500 04 Isolation ctck 1 the VA1500.040-A leskage liits ars excesdad
1SO0CATION TERT
VAIBA0120-4 ] E1 102 PROP VALVE BALL SEAL LEAX EXEC, ER Vaives V1011.05 Seg 07 V1294 007 Soq 03 V1046 003 Seq 04 Vaive Leakage - LOX system miwgrity check
ST
VA1BQO.121 L0Z PROP VALVE BALL LKG ISOLATION [3 Vaves 80 Inoiation check H the V41800 120-A leskage imits ars excoeded
TE8T
V41800.130 RIV SHAFT SEAL LEAK TEST (TIME & T© Vaives 80
- YCLE - -
Y41B00 140-A £1 RIV SEAT FLOW YEST EKSC Yahvan ¥1011.05 Saq 06 VI294 008 Seq (I3 ¥1046.003 Sea 05
¥4IB00 1414 | E1 OBV SEAT LEAX TEET EKSC 1R Vabm ¥1011.05 Saq 06 Y1294 006 Saq 03 V104600 S00 06
Y41800 150A E1 GCY CHECK VALVF LEAX TEST EXSC LRI Vol Yi011.04 Saq 06 Y1204 00 S0 03 Y1046 003 Seq 06
Ya1000,100 HPY CHECK YALVE | EAK TEST % Vabma 180
V41800 190 0POV SLEEVE TEST & WINOOW CALI |, LAY Vats V1204002 Seq 14 VSET7 Seq 09 Sets Open Loop Command %, - Used fo schust stert sequence
V41800191 FPOV SLEEVE TEST & WINDOW CALI LLRY Vaives V1294.002 Seg 1 3 Sats Opan Loop Command % - Used 1o adiust start saquence
VAIBUO.OTO A E1 AF CLOSEOUT INSPECTION A Vaves 51207 085U 8 Finai look before lmunch




APPENDIX B—Scheduled SSME Operations Data

The following spreadsheets present the detailed data collection from SSME processing experience
at KSC relative to scheduled activities. Tables 9—12 present the summary information relative to figures 6
through 9. Following that, the specific processing tasks for the four flows appear in tables 13—16. Finally,
an example of the existing level of detail supporting the flow layouts is presented in table 17. Note also that
a zero in a work column only reflects that no engine processing personnel are required for that task.
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Table 9. OPF SSME postflight planned operations.*

e
Tt ot ¢ previous talkice

OMRSD OMASD DESCRIFTION OMRSD ampanent 1 OFF OMN° ENGINE SHOP VAB/AL OMY's OTHER DM’ AT oM SUBSYSTEM OMASD RATIONALEMOOT CALIBES Mest Caves
umeE (V41 FILE i CATED EFFECTIVITY o
n )| —+ a .
Varen oo Soar WELD 23 & 84 LEAK GrEGK ac AT e V011 0% #a 07 Viaee o7 ses 24 Vors a0 am 07 Lo Ty ormn——— <o
frednanpiloprumrds S ipmimbmesparyail e -
i pdvardotunpuniife g asiiiiioybiion
s ST s o e o et
- Protfrevii .
Vim0 G0 x | E weGTR ARG wein LeAx v ~xec, wnar om V1011 08 bea 09 viied 6ad mia B [Er— 1204 005 bee 67 rm et b st b o 3 it - G et Anemperim
e v ftperispunun o o e
jromviunpert Rl il plabinapin
Vikboeea " [ E Lok FeEb womT o1y 17 r ok [ree— Vio11 08 Bea 67 ) V1098 003 #ea 00 . - e e ey o LROTR e pump e g
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Table 10. OMEF SSME planned operations. *
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* OMEF data reflects single-engine processing. For complete model, processing timelines must consider number of engines per vchicle.
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Table 11. OPF post-SSME installation planned operations. *

* Based upon three-engine set

Process Sub-Process Process Description Duration (PD) Tech MHrs QC MHrs Engr MHrs Total MHrs

V5005 SSME Installation Preps 24.00 31 37 13 81
V5057 Stiffarm Bracket & TVCA Support Installation 400 8 4 0 12

V5087 Engine 1 Installation Handling GSE Operations 5.00 19 115 345
V5005 Engine 1 Instaliation Operations 7.00 42 12 25 79
V5087 - Engine 3 Instaliation Handling GSE Operations 5.00 19 4 115 345
V5005 - Engine 3 Installation Operations 7.00 42 12 25 9
V5087 - Engine 2 Installation Handling GSE Operations 5.00 19 4 115 345
V5005 . Engine 2 Installation Operations 700 a2 12 25 79
V5005 Post-SSME Installation Operations 32.00 88 56 0 144
V9002.06 _ SSME Hydraulic QD Demate Operations 400 . 4 4 0 8

V1011.03 Run 3 LPOTP Post-Installation Torque Check 12.00 12 12 12 36
V1011.03 Run 3 LPFTP Post-Installation Torque Check 600 6 6 6 18
vV1011.05 , Orbiter/SSME Interface Verification 7225 59 50.5 245 134
. V1011.04 . SSME GOX System Leak Checks . 14.00 20 12 105 425

Vaoo1vL4 Orbiter/SSME Electrical Interface Verification : 8.00 0 8 8 16

V41/G41/V80 JC's _ Heat Shield Installation Operations ! 126.00 704 352 0 1056
V1063 _ SSME Gimbal Clearance Checks 1750 345 315 42 108
N - |, . TVGA Pinning Operations - 400 . 8 . 4 0 12§

Vv9002.06 SSME Hydraulic QD Leak Checks ; 1.00 1 1 1 3

V41-20008 , _ SSME OPF Roll-Out Inspections | 19.00 1 " 6. 28
V5057 _ Thrust Chamber & Miscellaneous Cover Installation : 400 4 4 0: 8

V5057 TVGA Midstroke Logk Instaliation ! 4,00 8 4 0 12
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Table 12. SSME VAB/pad processing planned operations.*

* Based upon three-engine set

Process Sub-Process Process Description Duration (PD) Tech MHrs QC MHrs Engr MHrs Total MHrs
$0008 Shuttle Interface Testing 38.00 0 _0 0 0
V1149 GN2 Interface Leak Check & Trickle Purge Ops 30.00 9.75 11.25 12.75 33.75
V5057 Thrust Chamber Cover Removal & Installation 1.00 1 0 0 1
$0009 Launch Pad Validation 44.00 4 4 4 12
1¥1046.001 SSME Flight Readiness Test & Checkout 21.00 2 9 12 23
v9002.06 Pr i i 3.00 2 0 1 3
V5057 TVCA Midstroke Lock Removal 4.00 8 4 0 12
V9001VL4 SSME Controller Power-Up Operations 2.00 0 6 8 14
| V1046.002 LH2 System Ball Seal Leak Check 3.00 6 55 4 155
Vv9002.06 SSME/TVC Actuator Hydraulic Power Dwon Securing Rqmts 2.00 1 0 1 2
V5057 TVCA Midstroke Lock Installation 1.50 3 1.5 0 4.5
|¥1046.003 LO2 System Ball Seal Leak Check 1.00 1 2 2 5
' ¥9002.06 SSME Hydraulic QD X-Rays 4.00 4 4 Q 8
vi202 Orbiter Aft Helium Signature Test _ 34.00 7 55 5.5 18
$1005 LO2 Propeilant System Conditioning 6.50 375 0 0 3.75
Y5057 s§ i 200 2 2 0 4
$1008 LH2 Propellant System Conditioning 950 0 0 0 Q
v9001VL4 SSME Controller Power-Up Ogerations 2.00 0 2 4 6
51287 Orbi i 100.00 48 42 66 156
Vv9018.001 MPS & SSME Initial Preps for Propeliant Loading 8.00 8 8 8 24
VR057 TVCA Midstroke Lock Removal 34.00 68 34 0 102
V5057 SSME Protective Cover Removal 8.00 8 Q 0 8
$0007 Shuttte Launch Countdown Qperations 18137 12 83 153 248
Vv9018.001 MPS & SSME Final Preps for Propellant Loading 8.00 3 3 0.25 6.25
§1003 LO2 Propellant System Loading Operations 24 .87 1} 24.87 49.75 74.62
51004 LH2 Propeltant System Loading Operations 24.87 0 0 0 0
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Table 13. OPF rollin to SSME removal tasks.

D Task Name Duration |  Work | Predecessors | Resource Names
1 OPF Rolt-In to $SME Removat 21 39h 1305h
2 " Orbiter 2t OPF Door/S0028 oh Oh
3 HPFTP Bearing Drying Operations/V1011.01 24.75h 98.25h
4 Extend Platforms 10S and 195/V1011.01/V35xx 0.5h 1.5h Tech(2}],QC
5 Remove SSME Environmental Closures 0.5h 0.5h 4 Tech
6 Mate Bearing Drying Flexhoses 2h 4h 5 Tech,QC
7 Retract Platforms 10S and 19S/V1011.01/V35xx 0.5h 1.5h 6 Tech(2],QC
s MCC Acoustic Cavity Inspections/install Throat Plugs ah 8h Tech,QC
9 Mate Bearing Drying Exhaust Duct 4h 12h 8 Tech{2},aC
10 Install SSME Bellows and Miscellaneous Covers/V/5057 3h 6h 19 Tech,QC
1 Establish Safety Clears 0.25h 1.25h 9 Techf2],QC,Safety Engr
12 HPFTP Bearing Drying Purge Initiated oh Oh "
13 Perform SSME Bearing Drying 8.5h 42.5h 12 Tech[2],QC Safety,Engr
14 Perform Filter Inspection and Cleaning 2.5h 5h 13 Tech,0C
15 Disassemble Test Setup and Remove Throat Plugs 8h 16h 13 Tech[2]
16 Establish Aft Accass ‘ 5h oh
17 " Install Entry Level Platforms/V35-00001 2h oh
18 Install Floor Level Platforms/V35-00001 3h oh 17
19 Aft Access Availabie h Oh Oh 16,18
20 OPF Bay Open for Normal Work Oh Oh 19
21 Orbiter Initial Power-Up Oh oh
2 Halium Baggle Leak Check/V1263 125h 43.75h 20
23 install TVCA Midstroke Locks/V5057 3h gh 20 Tech{2],QC
24 Verify Throat Plugs Removed and MPS/SSME Helium Tanks Pressurized 0.25h 0.75h QC.Engr(2)
25 SSME Controiler Initial Power-Up/V9001VL4 4h 8h Engr,QC
26 Establish Safety Ciears for Helium System Activation 0.25h 1.5h 24,25 Tech,QC[2] Safety,Engr{2j
27 Perform SSME 750 psi Helium System Activation 0.75h 4.5h 26 Tech,QC[Z],Safety,Engr[Z]
28 Perform LPFD Helium Barrier Inspection per V41CB0.012 3h 15h 27 Tech,QC[2] Engr(2]
29 Perform SSME 750 psi Helium System Securing 0.5h 1h 28 QC,Engr
30 Install LPFD Purge Blanking Plate Adapter/Remove Baggies ah 4h 29 Tech
31 SSME Drying Operations/V1011.01 45.5h 173h 22
32 Mate GN2 Purge QD to Orbiter @ PD14 4h 12h Tech{2],0C
33 Install Heise Gages @ TP24 and TP25 ih 2h 32 Tech,QC
34 Assemble/Mate 15 Purge Hose/Filter Assemblies 8h 16h 20 Tech,QC
35 Remove Joint F6.10/F6.11 Plugs/Boroscope for Moisture 2h 4h Tech,oc
36 Instatt Joint F6.10/F6.11/G4.3/N16 Adapters 1h 2h 35 Tech,QC
37 Loosen Bolts @ Joint N14 Plate 0.5h 1h 36 Tech,QC
38 Install LPFTP Anti-Rotation Tool 0.75h 1.5h 37 Tech,dc
39 Install Shim @ Joint D35.2/N11.2 Transducer Stack 0.75h 1.5h 38 Tech,QC
1) Install Shim @ MCC Pc Transducer/Inspect for Moisture an 8h 39 Tech,QC
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Table 13. OPF rollin to SSME removal tasks (Continued).

D Task Name | buration | work |  Predecessors | Resource Names
a1 Install Throat Plug/Monitor Gage/Drain Line Adapters 3h 6h 34 Tech,QC
42 Mate Flexhoses @ HPOTP Turbine Primary Drain Adapters 1h 2h 41 Tech,QC
43 Mate Flexhoses @ Joints F6.10/F6.11/G4.3/N16 Adapters 2h 4h 42 Tech,QC

4 Mate Throat Plug/HPOTP Ox Seal/Turb Sec Seal to OPF Vent System 3h 6h 41 Tech,QC

45 Perform Engineering/Safety Walkdown of Drying Setup 2h 6h 44 Satety,Engr[2]
46 V1011.01 Call to Station th 7h 45 Tech[3),0C,Engr[3]
47 Configure/Prep GSE Panels 1h 7h 46 Tech[3],0C,Engr[3]
48 Establish Safety Clears for SSME Pneumatics Activation 0.25h 2h 46 Tech(3),QC,Safety,Engr(3]
49 Activate SSME Pneumatics/Verify SSME Valve Positions 0.5h 3.5h 48,47 Tech(3],QC Engr[3]
50 Apply MPS LO2 and LH2 System Blanket Pressure 1h 7h 49 Tech[3],QC,Engr{3]
51 Establish Safety Clear of Level 10/19 Platforms 0.25h 2h 50 Tech[3},QC,Safety,Engr{3]
52 Initiate HPOTP Turb Pri Seal/Ox System Drying Purge per V41CB0.080 0.75h 5.25h 51 Tech[3),QC,Engr{3]
53 HPOTP Turb Pri Seal/Ox System Drying Purge Active Monitoring 2h 6h 52 Tech,QC Engr
54 Secure HPOTP Turb Pri Seal/Ox System Drying Purge 0.25h 1.75h 53 Tech{3],QC Engr(3]
55 Switch Flexhose from Turbine Primary te Turbine Secondary Adapters 0.5h 3.5h 54 Tech[bfi’]’.b H,Engr[S]
56 Mate Turbine Secondary Seal to OPF Vent System 0.5h 3.5h 55 Tech[3],QC,Engr(3]
57 initiate MCC/FPB/Nozle Drying Purge per V41CB0.080 0.75h 5.25h 56 Tech[3],QC,Engr[3]
58 " MCC/FPB/Nozzle Drying Purge Active Monitoring 2h 6h 57 Tech,QC,Engr
59 Secure MCC/FPB/Nozzle Drying Purge 0.25h 1.75h 58 Tech[3],0C,Engr[3]
60 Perform HPOTP Dryness Verification per V41CB0.081 2h 6h 59 Tech,QC,Engr
61 Demate Flexhoses @ Joints F6.10/F6.11/G4.3/N16 Adapters 0.5h 1h 60 Tech,QC
62 Torque Joint N14 Plate 0.25h 0.5h 61 Tech,GC
63 Remove Shims/Torque MCC Pc Transducer and D35.2/N11.2 Stack th 2h 62 Tech,QC
64 Tee-Connect Turb Pri to Turb Sec/Connect to Lo Press Manifold 1h 2h 63 Tech,QC
65 Perform MCC/FPB/Nozzle Dryness Verification per V41CB0.081 2h 6h 64 Tech,QC,Engr
66 Disassemble Test Setup/Route Filters for Bubble Point Analysis 12h 24h 65 Tech,QC

67 SSME Inspections and Checkouts in O0PF/N1011.02 44h 140h 31

68 Perform Megger GR1864 Setup 8h 8h Tech

69 Perform E1 External Inspections (excluding Nozzie) per V418U0.030 4h 8h 68 QC.Engr
70 Remove E1 Internal Irispection Port Hardware 4h 4h 69 Tech
n Perform E1 Quick Look internal Inspections 8h 16h 70 QC.Engr
72 Secure E1 Inspection Port Hardware 4h 8h sl Tech,QC

73 Perform E2 External inspections (excluding Nozzle) per V41BUD.030 4h 8h 68,69 QC.Engr

74 Remove E2 internal Inspection Port Hardware 4h 4h 73 Tech

75 Perform E2 Quick Look Internal Inspections 8h 16h 7471 QC.Engr

76 Secure E2 Inspection Port Hardware 4h 8h 75 Tech,QC

n Perform E3 External Inspections (excluding Nozzle) per V41BU0.030 4h 8h 68,69,70 QC,Engr

78 Remove E3 Internal Inspection Port Hardware 4h 4h 77 Tech
79 Perform E3 Quick Look Internal Inspections 8h 16h 78,75 QC,Engr

80 Secure E3 Inspection Port Hardware 4h 8h 79 Tech,QC
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Table 13. OPF rollin to SSME removal tasks (Continued).

D Task Name | Duraton | work |  Predecessors | Resource Names
81 Perform HPOTP Strain Gauge Bonding inspections per V41AU0.090 4h 12h 68 Tech,QC,Engr
82 Perform TDT Sensors Resistance Measurements per V418U0.250 4n 12h 81 Tech,QC Engr
83 SSME Post-Flight Low Pressure Pump Torque Checks 18h 54h 87
8 Engine 1,2,3 LPFTP Torque Checks/V1011.03 Run 1 6h 18h Tech,QC,Engr
85 Engine 1,2,3 LPOTP Torque and Travel Checks/V1011.03 Run 1 12h 36h 84 Tech,QC,Engr
86 SSME Heat Shield Removal Operations/V41-40021,22,23,24,25,26 58h 276h 67
87 Remove DMHS Carrier Panels/V80-05907,33,35 40h 120h 23 Tech|2),0C
) Remove DMHS Splice/Perimeter Hardware/V41-40021,22,23 ah 12h Tech[2],0C
89 Install E1 Lower Splice Platform oh Oh
90 Position Davit Crane to 19W Platform 2h 6h Tech{2],aC
91 Begin Heat Shield Removal Operations Oh oh 87,88,89,90
92 Remove E1 Left Hand DMHS/V41-40021 1h 10h 91 Tech[6],QC,Safety,Engr{2]
93 Remove E1 Lower Splice Piatform oh Oh 92
84 Remove E2 Left Hand DMHS/V41-40022 1h 10h 93 Tech[G]‘Qc,Safety,Engr[Z]
95 Remove E2 Right Hand DMHS/V41-40022 1h 10h 94 Tech{6),0C,Safety Engr{2]
9 Remove E2 Right Hand EMHS/V41-40025 1h 10h 95 Tech[6],0C,Safety Engr[2]
97 Remove E2 Left Hand EMHS/V41-40025 1h 10h 96 Tech[6].0C.Safety,Engr(2]
98 Reposition Davit Crane to 19E Piatform 2h 6h 97 Tech[2].0C
9% Remove E3 Right Hand DMHS/V41-40023 1h 10h 98 Tech{6],0C Safety Engr{2]
100 “Remove E3 Left Hand DMHS/VA1-40023 ‘ 1h 10h 99 Tech[6],QC Safety Engr[2]
101 Remove E3 Left Hand EMHS/V41-40026 1h 10h 100 Tech(6],QC,Safety Engr[2]
102 Remove E3 Right Hand EMHS/V41-40026 B 1 10h 101 ' Tech([6],QC Safety Engr[2]
103 Install E2/E3 Lower Splice Platform Oh Oh 102 ‘ '
104 Remove E1 Right Hand DMHS/V41-40021 1h 10h 103 Tech[6].QC,Safety,Engr{2]
105 Remove E1 Right Hand EMHSV41-40024 1h 10h 104 Tech[6],QC SafetyEngr[2]
100 Reposition Davit Crane to 19W Platform 2h 6h 105 Tech[2),QC
107 Remove E1 Left Hand EMHS/V41-40024 1h 10h 106 Tech{6],QC,Safety,Engr[2]
108 Remove E2/E3 Lower Splice Platform Oh Oh 107
109 Stow Davit Crane 2n 6h 108 Tech[2],0C
110 SSME Removal Operations 64h 520h 109,86
m Engine Removal Preps 12h 128h
"2 Demate SSME Hydraulic 0D's/V9002.06 7h 29h 86
13 Perform Orbiter Hydraulic System Venting 4h 20h Tech,Safety,Engr[3]
114 Demate E1 Hydraulic Return QD @ Joint H17 0.25h 0.75h 13 Tech,aC Engr
115 Perform E1 Hydraulic Return QD Demate Inspection per V58AG0.123-D 0.25h 0.75h 114 Tech,QC Engr
116 Demate E1 Hydraulic Supply QD @ Joint H1 0.25h 0.75h 115 Tech,QC,Engr
17 Perform E1 Hydraulic Supply QD Demate Inspection per VS8AGO.123-A 0.25h 0.75h 116 Tech,QcC,Engr
18 Demate E2 Hydraulic Return QD @ Joint H17 0.25h 0.75h 17 Tech,QC Engr
119 Perform E2 Hydraulic Return QD Demate Inspection per V58AGQ.123-E 0.25h 0.75h 118 Tech,QC Engr
120 Demate £2 Hydraulic Supply QD @ Joint H1 B 0.25h 0.75h e Tech,QC,Engr
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Table 13. OPF rollin to SSME removal tasks (Continued).

D Task Name | Duration ] Work | Predecessors ] Resource Names
121 Perform E2 Hydraulic Supply QD Demate inspection per V58AG0.123-B 0.25h 0.75h 120 Tech,QC.Engr
122 Demate E3 Hydraulic Return QD @ Joint H17 0.25h 0.75h 121 Tech,QC.Engr
123 Perform E3 Hydraulic Return QD Demate Inspection per V58AG0.123-F 0.25h 0.75h 122 Tech,QC,Eng}
124 Demate E3 Hydraulic Supply QD @ Joint H1 0.25h 0.75h 123 Tech,QC,Engr
125 Perform E3 Hydraulic Supply QD Demate Inspection per V58AG0.123-C 0.25h 0.75h 124 Tech,QC,Engr
126 Orbiter Interface Hardware Verification (Aft) 4h 8h Tech,QC
127 LH2 Foam Removal (Aft) 8h 16h Tech,QC
128 Terminate Aft Compartment ECS Purge Air per V3555 Oh 0h
129 PVD Controller Duct Removal (Aft) 6h 18h 128 Tech{2],QC
130 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 129
131 Calibrate Force Gages (Roc) 8h 16h Tech,QC
132 Orbiter Preps (Roc) 4h 8h Tech,QC
133 Electrical Interface Demates (Aft) 4ah 8h Tech,QC
134 Engine Preps (Roc) 4h 8h Tech,QC
135 Orbiter Helium Handvalve Instaliation (Aft) 2h 4h 133 Tech,QC
136 Terminate Aft Compartment ECS Purge Air per V3555 Oh Oh 135
137 Demate Fluid System Interfaces (Roc) 2h 8h 136,131,127 Tech[3]‘,QC
138 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 137
139 tnstall Interface Support Panel (Roc) 2h 6h 138 Tech[2],QC
140 Engine 2 Removal GSE Handling Operations (Roc)/¥5087 8h 36h m
141 Verify Lift Truck, Carrier and Rail Table Proofload Validations 0.5h 1h Tech,QC
142 Install Lift Spoon 0.5h 1h 141 Tech,QC
143 Mount Rail Table on Lift Truck 1h 4h 142 Tech[2},QC,Engr
144 Mount Carrier on Rail Table/Lift Truck Zh 8h 143 Tech[2],QC,‘En‘gr
145 Perform Dummy Load Brake Test without Engine 3h 21h 144 Tech[4],QC,Safety Engr
148 Transport Lift Truck/Hyster to OPF for Engine 2 Removal 1h 1h 145 Engr
147 Engine 2 Removat Operations 8h 75h 140
148 Position Installer for Engine 2 Removal 2h 10h m Tech[2),QC,Engr[2}
149 Mate Installer to Engine 2 2h 30h 148 Tech[7],QC[2),Safety[2],Engr[4]
150 Terminate Aft Compartment ECS Purge Air per V3555 Oh Oh 149 B
151 Demate Engine from Orbiter 2h 30h 150 Tech({7],QC[2],Safety[2) Engr{4]
152 Reinitiate Aft Companment ECS Purge Air per V3555 Oh Oh 151
153 Transport Engine 2 to VAB 1h 1h 152 Engr
154 Install Orbiter Engine 2 Interface Covers 2h 4h 15 Tech,QC
155 Rotate Engine 2 to Horizontal Handler/ V5087 2h 14h 153
156 Install Rotating Sling and Unload Carrier/Engine 0.5h 3.5h Tech{4).QC,Safety Engr
157 Mount Carrier on Skid 0.5h 3.5h 156 Tech[4),QC Safety Engr
158 Transfer Engine 2 to Horizontal Handler th 7h 157 Tech[4},QC,Safety.Engr
159 Engine 3 Removal GSE Handling Operations (Roc)/V5087 6h 36h 158
160 Mount Carrier on Rail Table/Lift Truck 2h 8h Tech{2].QC,Engr
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Table 13. OPF rollin to SSME removal tasks (Continued).

T Task Name | Duration | Work | Predecessors | Resource Names
161 Perform Dummy Load Brake Test without Engine 3h 21h 160 Tech([4],QC,Safety,Engr
162 Transport Hyster to OPF for Engine 3 Removal 1h 1h 161 Engr
163 Engine 3 Removal Operations 8h 75h 147
164 Position Installer for Engine 3 Removal 2h 10h 162 Tech[2],QC Engr[2]
165 Mate Installer to Engine 3 2h 30h 164 Tech[7],QC[2] Safety[2],Engr{4]
166 Terminate Aft Compartment ECS Purge Air per V3555 Oh oh 165 T
167 Demate Engine from Orbiter B 2h 30h 166 Tech{7],QC{2],Safety[2].Engr{4]
168 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 167
169 Transport Engine 3 to VAB 1h th 168 Engr
170 install Engine 3 Interface Covers 2h 4h 167 Tech,QC
17 Rotate Engine 3 to Horizontal Handier/N5087 2h 14h 169
172 " Install Rotating Sling and Unioad Carrier/Engine 0.5h 3.5h Tech[4],QC,Safety,Engr
173 Mount Carrier on Skid ‘ 0.5h 3.5h 172 Tech{4],QC,Safety,Engr
174 Transfer Engine 3 to Horizontal Handler th 7h 173 Tech{4],QC,Safety,Engr
175 Engine 1 Removal GSE Handling Operations (Roc)/V5087 6h 30h 174
176 Mount Carrier on Rail Table/Lift Truck 2h 8h Tech[é],QC,Engr
177 Perform Dummy Load Brake Test without Engine 3h 21h 176 Tech[4],QC, Safety,Engr
178 Transport Hyster to OPF for Engine 1 Removal 1h th 177 Engr
179 Engine 1 Removal Opsrations 8h 75h
180 Pasition Installer for Engine 1 Removal 2h 10h 178 Tech([2],0C,Engr{2)
181 Mate Installer to Engine1 2h 30h 180 Tech{7],QC[2},Safety[2),Engr[4]
182 Terminate Aft Compartment ECS Purge Air per V3555 oh oh 181
183 Demate Engine from Orbiter 2h 30h 182 Tech(7],QC(2].Safety|2],Engr{4]
184 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 183
185 Transport Engine 1 to VAB 1h 1h 184 Engr
185 nstall Engine 1 Interface Covers 2h 4h 183 Tech,QC
187 Rotate Engine 1 to Horizontal Handler/V5087 6h 30h 185 o
188 Install h“otating Sling and Unload Cabrrier/Engine 0.5h 3.5h Tech[4],QC.Safety.Engr
189 Mount Carrier an Skid 0.5h 3.5h 188 Tech[4],QC, Safety Engr
190 Transter Engine 1 to Horizontal Handler 1h 7h 189 Tech{4],QC Safety,Engr
191 Stow SSME Handling GSE/V5087 4h 16h 190 Tech[2],QC,Engr
192 Post-Engine Removal Operations 6h 12h 179
193 Interface Hardware Inspections 4h 8h 186 Tech,QC
194 Gimbal Boit/Nut Torque Cycle 2h 4h 186,193 Tech,QC
185 SSME Removal Operations Complete/OK to Proceed with MPS Operations oh Oh 193,194
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Table 14. Engine shop turnaround tasks.*

ID Task Name |  Duration | Work |  Predecessors

1 Engine Shop Turnaround! 252.75h 1330h

2 Nozzle Tube Leak Checks/V1294.005! 3nh 6.5h

3 SSME Inspections in Engine Shop (continued)/V1011.02! 252.75h 135.75h

4 Vertical Stand Available Oh Oh

5 Transfer Engine to Vertical Stand/V5087! 3h 32.5h 4

6 HPOTP Post-Flight Torque Check/V1011.03 Run 1! 3.75h 11.25h 5
7 HPFTP Post-Flight Torque Check/V1011.03 Run 1! 3.5h 10.5h 6
8 HEX Coil Post-Flight Leak Check/V1294.003! 8h gh 7

9 MCC Liner Cavity Decay Check/V1294.003! 3.25h 8.25h 8
10 HPOTP Removal and Replacement/V5E02! 97.75h 435h 6,89
11 HPFTP Removal and Replacement/V5E06! 101.25h 375.75h 7.8,9
12 Fuel and Hot Gas System Internal and External Leak Checks/V'1294.005! 8.75h 21.25h 11
13 LOX System Internal and External Leak Checks/V1294.006! 8.5h 20.25h 12
14 SSME Flight Readiness Test and Checkout/V1294.002! 50.25h 124h 13
15 GOX System Internal and External Leak Ghecks/V1294.002! 2.75h 12h 14
16 Rotate Engine to Horizontal Handler/V5087! 4.25h 38.5h 15
17 Fuel and LOX Ball Seal Leak Checks/V1294.007! 3.5h 7.5h 16
18 ~ Move Engine to VAB Transfer Aisle! Oh Oh 17
19 Engine Encapsulation Leak Check/V1294.007! 23.5h 68.5h 18
20 Move Engine to Engine Shop! Oh Oh 19
21 LPFTP Torque Check! 1.25h 3.75h 20
22 LPOTP Torque and Shaft Travel! 3.25h 9.75h 21

* Lowest level of detail not shown but available for all subtasks. See table 17 for examples.
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Table 15. Engine installation to OPF rollout tasks.

D Task Name | Duration |  Work | Predecessors Resource Names
1 Engins instaliation to OPF Roll-Outi 40.09d 2207h
2 " Engine instaliation Operations/V5005! 154 7335h
3 Enﬁlnl Installation Prlpsl 3d 241h
4 installation Preps in OPFI 3d 93h
5 Remove/inspect Orbiter Interface Covers (Aft)! 24h on
] Terminate Aft Compartment ECS Purge Air per V3555 Oh Oh
7 Remove PVD Controller Duct 2h 4h 6 Tech,GC
8 Photograph Fluid Interface Panels per V41DC0.030 1h 2h 7 QC.Engr
9 Remove Test Plate/Inspect Orbiter LO2 Feedlines per V41BU0.360 4h 12h 8 Tech,QC,Engr
10 Remove Test Plate/inspect Orbiter LH2 Feedlines per V41BU0.360 4h 12h 9 Tech,QC,Engr
" Inspect SSME Controller Purge Line 1h 2h 10 Tech,QC
12 Reinitiate Aft Compartment ECS Purge Air per V3555 oh oh 1
13 Remove Test Plate/Inspect Orbiter LO2/LH2 Bieed Lines 4h 8h 12 Tech,QC
14 Remove Test Plate/!nspek:i Orbiter LO2/LH2 Pressurization Lines 4h 8h 13 Tech,QC
15 Remove Test Plate/Inspect Orbiter GHe/GN2 Supply Lines 4h 8h 14 Tech,QC
16 Perform MPS Test Requirements (Aft) 4h 8h QC,Engr
17 Perform Engine Interface Flange Leak Check Port Verification (Aft) 4h 8h Tech,QC
18 Parform Orbiter Preps for SSME Instatlation (Roc)! 0.5d 21h
19 Verify Body Flap Full Down 0Oh Oh
20 Perform Gimbal Interface Nut/Boit Verification 1h 1h Qac
21 install Stifarm Brackets and TVC Actuator Supports per V5057 4h 12h Tech(2].aC
22 Perform Pre-Instaliation Inspection of Joint 01/F1 Interface Seals 4h 8h Tech,QC
23 Installation Preps in Engine Shopi ‘ 15d 148h o
24 Install AFV/Helium Baggie Purge Adapters an 8h Tech,QC
25 Install Liquid Air Insulators 12h 24h Tech,QC
28 Perform SSME Engineering Watkdowns 12h 108h Iech[3),QC[3],Engr(3]
27 Remove/Inspect Engine Interface Covers 4h 8h Tech,QC
28 Engine 1 Instaliation GSE Handling Operations/V5087! 0.63d 34.5h 5
29 Verify Lift Truck, Carrier and Rail Table Proofioad Vaiidations 0.25h 0.5h Tech,QC
30 " Transier Engine to Carrier from Horizontal Handier 1.5h 6h 29 Tech[2],QC Engr
n Establish Safety Clears for Engine Lifting Operations 0.25h 3h 30 Tech{7],QC,Satety,Engr[3]
32 Mount Carrier/Engine on Rail Table/Lift Truck 2h 24h 31 Tech[7],0C,Safety,Engr{3)
33 Transport Hyster to VAB for Engine 1 Installation 1h 1h 32 Engr
34 Engine 1 Installation Operations! 0.88d 7%h 28
35 Position Hyster/Installer for Engine 1 Instaltation 2h 26h Tech{7].QC[2} Satety,Engr{3]
36 Terminate Aft Compartment ECS Purge Air per V3555 Oh oh 35
37 Engine 1 Mate to Orbiter 4h 52h 36 Tech[7],QC[2],Safety,Engr{3]
38 Reinitiate Aft Compartment ECS Purge Air per V3555 Oh Oh 37
39 Transport Hyster to VAB 1h 1h 38 Engr
40 Engine 3 installation GSE Handling Preps/v5087! 0.63d 34.5h 39
4 Verify Lift Truck, Carrier and Rail Table Proofioad Vaiidations 0.25h 0.5 Tech,QC
2 Transfer Engine to Carrier from Horizontal Handler 1.5h 6h M Tech[2],QC Engr
a4 Establish Safety Clears for Engine Lifting Operations 0.25h 3h 42 Tech{7},0C,Safety,Engr[3)
4 Mount Carrier/Engine on Rail Table/Lift Truck 2h 24h 43 Tech([7],0C, Safety,Engr{3]
[ Transport Hyster to OPF for Engine 3 installation 1h 1h 44 Engr
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Table 15. Engine installation to OPF rollout tasks (Continued).

D Task Name | Duration | “Work | Predecessors | Resource Names

46 Engine 3 Installation Operations! 0.88d 78h 34

47 Position Hyster/Installer for Engine 3 Installation 2h 26h 40 Tech[7].QC{2],Safety,Engr[3]
48 Terminate Aft Compartment ECS Purge Air per V3555 Oh Oh 47

49 Engine 3 Mate to Orbiter 4h 52h 48 Tech[71,QC[2],Safety,Engr[3]
50 Reinitiate Aft Compartment ECS Purge Air per V3555 0Oh oh 49

51 Transport Hyster to VAB for Engine 2 Installation 1h 1h 49 Engr

52 Engine 2 Installation GSE Handling Preps/V5087! 0.63d 34 5h 51

53 Verify Lift Truck, Carrier and Rail Table Proofioad Validations 0.25h 0.5h Tech,QC

54 Transter Engine to Carrier from Horizontal Handier 1.5h 6h 53 Tech{2),QC,Engr

] Establish Safety Clears for Engine Lifting Operations 0.25h 3h 54 Tech [7],OC,Safety,Engr[3]
56 Mount Carrier/Engine on Rail Table/Lift Truck 2h 24h 55 Tech{7],QC,Safety,Engr[3]
57 Transport Hyster to OPF for Engine 2 Installation 1h 1h ' 56 Engr

58 Engine 2 Instailation Operations! 0.88d 79h 52

59 Position Hyster/installer for Engine 2 Installation 2h 26h Tech(7],QC{2],Safety,Engr(3)
60 Terminate Aft Compartment ECS Purge Air per V3555 oh oh 59

61 Engine 2 Mate to Orbiter 4h 52h 60 Tech[7),QC[2], Safety,Engr{3]
62 Reinitiate Aft Compartment ECS Purge Air per V3555 oh oh 61

63 Transport Hyster to VAB 1h th 62 “Engr

64 Aft Swings Closed Oh Oh 63

65 SSME 12,3 interface Securing Operations! ad 152h 684

66 Interface Hardware Installation/GSE Removal 32h 96h Tech{2],QC

87 Controller Coolant Duct Installation 8h 16h 64 Tech,QC

68 Electrical Interface Connection 16h 32h 64 Tech,QC

69 Mate Hydraulic QD's per V58AG0.121/V9002.06 4n 8h 64 Tech,QC

70 SSME Interface Securing Complete o oh oh 66

b7 SSME/MPS integrated Testing! 11284 246 5h 70

72 Low Pressure Pump Post-Installation Torque Checks/V1011.03 Run 3! 2.25d 54h

73 Engine 1,2,3 LPFTP Torque Checks 6h 18h Tech,QC,Engr

74 Engine 1,2,3 LPOTP Torque Checks 12h 36h 70,73 Tech,QC,Engr

75 Orbiter/SSME Interface Verification! 9.03d 192.5h

76 GSE Configuration for Leak Checks/V1011.04 4h 4h 74 Tech

77 Fuel interface Leak Check/V1011.051 0.44d 11h 76

78 Install Throat Plugs 2h 2h Tech

79 Activate MPS 750 psi Pneumatics 0.25h 1.5h 78 Tech(2],QC[2],Engr[2)
80 Pressurize MPS LH2 Manifold 0.25h 1.5h 79 Tech[2],QC{2],Engr[2]
81 Perform Fuel Feed Joint F1 I/F Leak Checks per V41AX0.020/.030/.040 0.5h 3h 80 Tech[2],QC[2],Engr[2]
82 Perform Fuel Bleed Joint F4.3 I/F Leak Checks per V41AX0.020/.030/.040 0.5h 3h 81 Tech[2],QC[2].Engr([2]
83 LH2 Manitold Decay Test/V1009.051 1d oh 77

84 Perform LH2 Manifold Decay Test per V41... 8h 0Oh

85 Vent Fuel System Manifold S 0.25n oh

86 Secure MPS 750 psi Pneumatics 0.25h Oh 82

87 SSME Electrical Interface Verification/V9001vL4 8h 16h 86 QC,Engr

88 GOX System Interface Leak Check/V1011.04} 1d 33.5h 87 '

89 Mate Pneumatic Flexhoses/Leak Check Setup 2h 6h Tech{2}],0C

90 Close LO2 Prevalves and Pressurize GO2 Pressurization System 0.5h 3h 89 Tech[2],0C(2] Engr{2]
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Table 15. Engine installation to OPF rollout tasks (Continued).

D Task Nams | Duration |  Work | Predecessors | Resource Names
9 Power Up SSME Controliers per va0o1vL4 0.5h 3.5h 90 Tech[2],QC[2],Engr([3]
92 Perform AFV Crack/Full Open Test per V41BR0.030 0.5h 3.5h 91 Tech(2],QC(2).Engr(3}
23 " Power Down SSME Controliers per VI001VL4 0.5h 3.5h 92 Tech[2),QC[2).Engr[3]
[ 1} Perform GO2/GCV Ext Leak Check and Orifice Verif. per V41BP0.010 0.5h 3h 93 Tech[Z],OC[Z],Enor(Z]
95 Perform GO2 I/F Temperature Xducer Leak Check per V41AY0.320 0.5h 3h 94 Tech[2].QC[2),Engr{2]
96 Perform GO2 I/F Flanoe Leak Check per V41AX0.050 0.5h 3h 95 Tech(2),QC[2].Engr[2]
97 Perform Combined AFV Seat/Shaft Seal Flow Test per v41BQ0.100 0.5h 3h 96 Tech[2],QC[2].Engr(2]
9 Disassemble Test Setup 2h 2h 97 Tech
99 install Joint 018.1 Flight Plates/V1011.04] 2h Sh a8
100 Instalt AFV Filter/Seal per V418U0.220 1h 3h Tech,QC,Engr
101 Secure Joint 018.1's 1 2h 100 Tech,QC
102 LOX Interface Loak cmmwn 051 Th 32h 99
103 COnfloure SSME Draln Lines 1h 1h Tech
104 Perform MPS 750 psi Pneumatic System Activation 0.5h 3h 103 Tech[2).QC[2],Engr[2]
105 Perform LO2 Manifold Pressurization 0.5h 3h 104 Tech[2]',0C[2],Engr[2]
108 Perform LO2 Feed Joint O1 I/F Leak Checks per V41AX0.020/.030/.040 1h 6h 105 Tech[2],QC[2].Engr[2]
107 Perform LO2 Bleed Joint 015 I/F Leak Checks per V41AX0.020/.030/.040 1h 6h 106 Tech[2].QC[2],Engr[2]
108 Perform LO2 System interface Mass Spec Leak Checks 1h 6h 107 Tech([2],QC[2].Engr{2]
109 Perform Joint 018.1 External Leak Check 0.5h 3h 108 Tech[2],QC[2].Engr[2]
110 Vent LO2 Feed and MPS 750 psi Systems 0.5h 3h 109 Tech[2],C(2] Engr{2]
11 Secure LO2 Leak Check Setup : 1h 1h 110 Tech
12 GSE Configuration for Hot Gas Leak Checks/V1011.05 2h 2h 102 Tech
113 Install Throat Plugs/V1011.05 2h 4h 112 Tech,QC
14 Hot Gas System Interface Leak Checks/V1011.051 6h 22.5h 13
15 Configure SSME Drain Lines 0.5h 0.5h Tech
116 COnflgure GH2 Pressurization System for Flow Test 0.5h 0.5h Tech
117 Perform GH2 Pressurization System Flow Test per V41820.080 0.5h 1.5h 116 Tech.dC.Engr
18 Perform GH2 I/F Pressure Xducer Leak Check per V41AY0.350 1h 6h 17 Tech{2],QC[2],Engr{2]
19 Perform GH2 Press Joint F9.3 I/F Leak Check per V41AX0.020/.030/.040 1h sh 118 Tech[2],0C[2).Engr(2]
120 Perform GH2 System Interface Mass Spec Leak Checks 0.5h 3h 119 Tech[2],QC[2‘],Engr[2]
121 Vent Hot Gas System 0.5h 3h 120 Tech[2],QC[2],Engr(2]
122 Perform PD16 Hardware Instalfation 1h 1h t21 Tech
123 "Secure Hot Gas Leak Check Setup h 1h 122 Tech
124 Throat Plug Removal/V1011.05 2h 2h 114 Tech
125 Pneumatic Sysum Interface Leak cnunmnﬂ 051 3.5h 12.5h 124
126 Conflgure SSME Drain Lines 0.5h 0.5h Tech
127 Perform SSME 750 psi Pneumatic System Activation 1h sh 126 Tech,QC[é],Enﬁrlzl
128 Perform Pneumatic I/F Joint P1 Leak Check per V41AX0.020/.030/.040 1h 5h 127 Tech,QC[2].Engr[2]
129 Secure SSME 750 psi Pneumatic System T 1h 2h 128 7 ac Engr
130 Fuel System Interface Insuiation lnstallatloann 05 24h 48h 125 Tech,QC
131 SSME Enging and Dome Mounted Heat Shlcld Instaliation Operations! 126h 1056h 125 ‘
132 Position Davit Crane on 19R/G41-20017 2h 12h Tech[4).QC(2]
133 Install E-1 R/H EMHS/V41-50024 2h 12h Tech[4],QC[2]
134 Install €-3 L/H EMHS/V41-50026 2h 12h 133 Tech{4],.QC[2]
135 Install €-3 R/H EMHS/V41-50026 2h 12h 134 Tech}4].QC[2]
136 Verify E-3 EMHS Splice Line Hardware Torque Complete/Verify Bolt Protrusion Complete oh Oh 135 Tech[4],QC[2]
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Table 15. Engine installation to OPF rollout tasks (Continued).

D Task Name | _Duration ] Work |  Predecessors | Resource Names
137 Install E-3 R/H DMHS/V41-50023 2h 12h 136 Tech{4],QC{2]
138 Install E-3 L'H DMHS/V41-50023 2h 12h 137 Tech[4],QC(2]
139 Position Davit Crane on 19L/G41-20017 1h 6h 138 Tech([4],QC[2)
140 Install E-1 L/H EMHS/V41-50024 2h 12h 139 Tech[4],QC[2)
141 Install E-2 L/H EMHS/V41-50025 2h 12h 140 Tech{4],QC[2)
142 Install E-2 RH EMHS/V41-50025 2h 12h 141 Tech[4},QC[2]
143 Verify E-1 EMHS Splice Line Hardware Torque Complete/Verify Bolt Protrusion Complete Oh Oh 142 Tech[4],QC[2]
14 Verify E-2 EMHS Splice Line Hardware Torque Complete/Verify Bolt Protrusion Complete Oh 0Oh 143 Tech[4],QC[2]
145 Install E-1 L/H DMHS/V41-50021 2h 12h 144 Tech[4].QC[2)
146 Instail E-2 R/H DMHS/V41-50022 2h 12h 145 Tech[4],QC[2]
147 install E-2 L/H DMHS/V41-50022 2h 12h 146 Tech{4],QC[2]
148 Position Davit Crane on 19R/G41-20017 1h 6h 147 Tech[4],QC[2]
149 "install E-1 R/H DMHS/V41-50021 2h 12h 148 Tech[4].0C[2]
150 Lower Davit Crane from Level 13/G41-20017 2h 12h 149 Tech[4],0C[2]
151 Heat Shield Securing/Splice Line Configuration/V41-5002x 48h 288h 150 Tech[4].QC{2]
152 Install Carrier Panels/V80-95907,33,35 98h 588h 150 Tech[4],QC{2]
153 SSME Gimbal Clearance Checks| 175h 123h
154 Pin TVC Actuators/V1063/V5057 4h 12h 152 Tech[2],QC
155 install Marking Tape on SSME Nozzle Tubes 2h 2h 154 Tech
156 Perform SSME Heat Shield Verification 1h 1h 155 Tech
157 Hydraulic System Power-Up/V1063/vV9002.01 2h 20h 156 Tech[3],QC[3],Engr[4]
158 MPS TVC Full Excursion Gimbal Clearance Checks/V1063 4.5h 45h 157 Tech[3].QC{3].Engr[4]
159 SSME TVC Toe-In Clearance Checks/V1063 1.5h 15h 158 Tech{3),QC[3),Engr[4]
160 SSME TVC Actuator Drift Test/V1063 1.5h 15h 159 Tech[3],QC[3],Engr(4)
161 Orbiter Hydraulic Power-Down/V1063/V3002.01 1h 10h 160,162 Tech([3],QC(3],Engr[4]
162 Hydraulic OD Leak Checks per V41AX0.020/.030/.040/V9002.06 1h 3h 157 Tech,QC,Engr
163 SSME OPF Roli-Out Inspections/V41-20003! 19h 48h 153
164 Perform SSME Valve Position Verification 2h 10h Tech,QC,Safety Engr{2]
165 TVC Actuator Midstroke Lock Installation/V5057 4h 12h 164,162 Tech[2],QC
166 Thrust Chamber Cover installation/V5057 ‘ 2h 4h 165 Tech,QC
167 Verify Thrust Chamber Covers Installed per V41BW0.031 0.25h 0.5h 166 Tech,QC
168 Verify Bellows Covers Installed per V41BW0.031 0.25h 0.5h 167 Tech,QC
169 Verify TVC Actuators Connected per V41BW0.031 0.25h 0.5h 168 Tech,QC
170 Verify Midstroke Locks Installed per V41BW0.031 0.25h 0.5h 169 Tech,QC
1 Install Miscellaneous Covers per V5057 2h 4h 170 Tech,QC
172 Visually Inspect Engine Components for Damage 8h 16h m Tech,QC
173 Aft Closeout for OPF Roll-Out Complete Oh Oh 163
174 Orbiter Roll-Out to VAB Oh 0Oh 173
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Table 16. VAB rollin to launch tasks.

D Task Name | Duration ] Work Predecessors | Resource Names
1 VAB Roll-In to Launchi 484 87h 592.35h
2 Orbiter/ET Mate Operations/S0004! 144h Oh
3 Orbiter in Transfer Aisle Oh Oh
4 Connect Sling/Preps for Orbiter Lift 8h oh 3
5 Rotate Orbiter to Vertical/Disconnect Aft Sling 8h Oh 4
6 Orbiter/ET Softmate 8h Oh 5
7 Orbiter/ET Hardmate 4h Oh 6
[ Sling Removal - 4h Oh 7
] TSM Connect 16h Oh 8
10 Umbilical Mate 16h Oh 8
11 Monobali Connect/Closeout 24h oh 9
12 Hazardous Gas Leak Checks 8h oh 9
13 Ultrasonic Inspections 4h oh 10
14 TSM Static Measurement 8h Oh 9
15 External Umbilical Can Closeout 8h 0Oh 12,14
16 " Ready for Orbiter Power-Up oh oh 15
17 Umbitical Foaming 40h oh 15
18 Purge Curtain Instaliation 400 oh 17
19 Shuttle Interface Testing/S0008! 38h Oh
20 Shuttie Interface Testing Preps 18h Oh
21 Orbiter Pawer-Up oh oh 20
2 Orbiter System Checks 8h oh 21
23 $0008 Testing 4h Oh 20
24 ET/SRB Power-Up on oh 23
[~ 25 ET/SRB System Checks 8h oh 24
26 SRB TVC Actuator Testing 4h Oh 25
27 " Connect SRB TVC Actuators 4h oh 26
28 Umbilical Interface Leak Checks/V1149) 30h 33.75h
29 Umbitical interface Leak Check Preps| 12h 2h
30 " Perform GN2 Flowmeter Setup 4h 0h
3 Perform LO2/LH2 TSM Line Verification 4h Oh
32 Perform SSME Trickie Purge Activation 15h 2h 3
33 Verify PD14 GN2 Purge T-0 Disconnect Mated oh oh
34 Perform Thrust Chamber Cover Removal/V5057 1h 1h Tech
35 Activate/Verify SSME Trickle Purge per S00000.100 0.5h 1h k7] Tech,QC
36 Perform TP8 Configuration ’ ' 4h oh 31
37 Perform PD4/PD5 HUMS Leak Check Preps 8h Oh 31
38 Perform Mass Spec Leak Check Preps 8h oh 31
39 Perform Mass Spec Leak Check Machine Preps 2h Oh 31
40 Umbilical Interface Leak Check Operations! 18h 31.75h 29
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Table 16. VAB rollin to launch tasks (Continued).

D Task Name | Duration | Work |  Predscessors | Resource Names

41 Orbiter MPS Helium Fill QD Leak Check 2h Oh

42 17 Inch Disconnect Timing Checks/200 psi Leak Checks 8h Oh M

43 MPS LOX Fill and Drain QD Leak Check 4h Oh 42

a4 MPS LH2 Fill and Drain QD Leak Check 4nh Oh 43

45 SSME GN2 Heater Checkout/GN2 Leak Checks! 4n 25.75h

46 Configure Heater Power Circuit Breakers 0.25h 1h Tech,QC,Engr[2]

47 Verify Panel Valve Configuration 0.25h 1h 46 Tech,QC Engr[2]

48 Perform Automated GN2 Panel Valve Checkout 0.5h 2h 47 QC.Engr([2],Tech

49 Close TSM GN2 Supply Valve 0.25h 1.25h 48 Tech[2],QC,Engr[2]

50 Pressurize GN2 Panel 0.25h 1h 49 “Tech,QC Engr[2]

51 Establish Safety Clears 0.25h 2h 50 Tech[2],QC[3],Safety,Engr(2}
52 Open TSM GN2 Supply Valve 0.25h 2h 51 Tech[2],QC[3),Engr{2],Safety
53 Verify No Leakage @ PD14 GN2 Purge Interface per $00000.020 0.25h 2h 52 Tech{2),QC[3],Engr[2],Safety
54 Perform Bubble Scap Leak Check of TSM GN2 Lines 0.25h 2h 53 Tech(2],QC[3],Engr[2].Safety
55 Perform Orbiter GN2 Joint Leak Check 0.25h 2h 54 Tech[2],QC[3].Engr[2),Safety
56 Perform SSME GN2 Joint Leak Check 0.25h 2h 55 Tech[2),QC[3]),Engr[2],Safety
57 Perform GN2 I/F Joint N1 Leak Check per V41AX0.020/.030/.040 0.25h 2h 56 Tech[2],QC[3],Engr{2], Safety
58 Perform SSME GN2 Heater Checkout 0.5h 4h 57 Tech[2],QC{3],Engr[2],Safety
59 Secure GN2 Flow 0.25h 1.5h 58 Tech[2],QC[2],Engr(2]

60 SSME MFV Heater T-0 Intertace Verification! 2h 6h 59

61 Power Up Distributor Panels 0.25h 0.75h QC.Engr{2]

62 Close Panel Circuit Breakers 0.25h 0.75h 61 Tech,QC,Engr

83 Perform MFV Heater Checkout per S00000.101 th 3h 62 Tech,QC,Engr

64 Open Panel Circuit Breakers 0.25h 0.75h 63 Tech,QC,Engr

65 Power Down Distributor Panels 0.25h 0.75h 64 QC.Engrf2]

66 VAB Roll-Out Operations/A5214! 44h Oh

67 Roll-Out Preps 24h Oh 2

68 Shuttle Transfer to Launch Pad 12h Oh 67

69 " Crawler Transport Operations 8h oh 68

70 taunch Pad Validation Preps/S0009 POSU's 12h oh 67

7] Shuttle 1st Motion to Pad oh oh 68

72 MLP Harddown at Pad! Oh Oh 71,69

73 Launch Pad Validation/S0009! 44h 12h 72

74 Perform PD15/PD16 Connect 44h 0Oh

75 Perform A2202 Firex Verification 8h Oh

76 Activate Pad Helium Supply Panel 8h Oh

77 Activate SSME Trickle Purge 4h 12h Tech,QC,Engr

78 Activate T-0 Trickle Purge 8h Oh

79 Perform LDB Safing Panel Verification 8h Oh

80 Perform Propellant System Switch Validation 8h Oh




9

Table 16. VAB rollin to launch tasks (Continued).

0 Task Name | Duration ] Work | Predecessors | Resource Names
o Perform Recirc Pump Switch Validation 8h Oh
82 Perform ET Ol Power Up 8h Oh
83 ‘Perform ET Ol Instrumentation Checks 8h oh
84 Perform ET Level Sensor Cals 8h oh
85 Perform Valve Verifications for G2340 LO2/LH2 Checkouts 8h Oh
86 Perform ET Ot Power Down 8h oh
87 Extend RSS Oh Oh 73
88 Engine Flight Readiness TmlanMG.WII 21h 52h
89 Preps for S3ME Hydraulic Operations/V9002.06 h 15h
90 SSME Engineering Determine Configuration Required Configuration for Hydraulics 1h 1h Engr
)] Perform TVC Actuator Preps for Hydraulic Operations/ V5057 4h 12h 90 Tech{2],QC
7] Remove Drain Line Adapters and Environmental Throat Plugs 1h 1h 91 Tech
93 Perform SSME LPFD Helium Barrier Purge System Venting 1h 1h 92 Tech
94 SSME Controller Power-Up/V9001VL4 1h 7h 89 QC[3].Engr{4]
[ Shuttle Flight Control System Activation Complete oh oh 94
96 SSME Contraller Load and Sensor Checkout/V3001VL4 1h 7h 95 QC[3].Engr{4)
97 Hydraulic System Pressurization Complete Oh Oh 96
98 Activate SSME 750 psi Pneumatics 0.5h 3.5h 97 QC[3]).Engr[4]
%9 SSME Hydraulic System Conditioning and Actuator Gheckout 0.5h 3.5h 98 QC[3].Engr{4]
100 SSME Flight Readiness Test 2h 16h 99 Tech,QC[3],Engr[4]
101 SSME Controlier Power-Down Oh Oh 100
182 Hydraulics snd Flight Controi Closeout Operations! Sh oh m
103 Aerosurface and SSME Cycling/V1308 3h oh
104 Hydraulic System Compressibility/vV9002.07 1.5h Oh 103
105 Frequency Response Testing/V1034 3h Oh 103
106 Hydraulic System Closeouts and Securing/V9002.02 3h Oh 105
107 SSME Pneumatics Secured oh oh 105
108 SSME Ball Seal Leak Check 0pdntlons/\l1 046.002/V1046.003! 4h 27h 88
108 " Install Base Heat Shield Access Ladder/V35-00008 1.5h 4.5h 106 Tech[2],QC
110 SSME/TVC Actuator Hydraulic Power-Down Securing Requirements/V9002.06 3.5h 6.5h
" SSME Engineer Determine Required Power Down Configuration 1h 1h Engr
112 Install Midstroke Locks/V5057 ‘ 15h 45h m Tech[2],0C
113 Vent Bleeder Piug at Joint P20.2 1h 1h 112 Tech
14 Install SSME Throat Plugs/V1046.002 2h 6h Tech,QC Safety
115 Fuel Valve Ball Seal Leak Check/V1046.002 1h 5h 114 Tech,QC[2] Engr{2]
116 Oxidizer Valve Ball Seal Leak Check/V'1046.003 th 5h 115 Tech,QC[2].Engr(2]
117 SSME Hydraulic QD X-Rays/v9002.06 4h 8h 116 Tech,QC
18 LO2 Feed/SSME Pneumatics Vented | oh oh 114
119 LH2 Feed Vented Oh Oh 115
120 GO2 Blanking Plate instaliation/T1402! 6h oh 119
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Table 16. VAB rollin to launch tasks (Continued).

n Task Name | Duration | Work | Predecessors | Resource Names
121 GH2 Blanking Plate Installation/T1401! 6h Oh 120
122 Orbiter/ET 17 inch Disconnect Cavity Purge Verification/V1149! 8h Oh 120,121
123 Helium Signature Test/V1202! ‘ 34n 18h 120,121
124 SSME Preps for Hellum Signature Testl 7h 180
125 nstall Drain Line Closures 1h 1h Tech
126 Establish Safety Clears/OK for Thrust Chamber Entry 1h 3h 125 Tech,QC, Safety
127 Perform MCC Liner Taping 2h 6h 126 Tech,QC, Safety
128 Install Throat Plug and Monitor Gage Manifold 2.5h 7.5h 127 Tech,QC,Safety
128 Mate Flexhose Between Supply Pane! and Manifold 0.5h 0.5h 128 Tech
130 Perform PV13 GN2 Panel Setup 7h Oh 127
131 Haz Gas Detection System Preps 3h Oh 130
132 Pre-Test Helium Intrusion Test 4h Oh 131
133 MPS GH2/L02 Feed and SSME Hot Gas System Test 3h Oh 132
134 GO2 System Test 2h Oh 133
135 LH2 Feed System 2h Oh 134
136 Orbiter Post-Test Operations 9h oh 135
137 G02 Bianking Plate Installation/T1402! 6h Oh 135
138 GH2 Blanking Plate Installation/T14011 6h oh 137
139 Ordnance instaliation Operations - Part 11 40n oh
140 Ordnance Instaliation/PIC Resistance Checks/S5009 16h Oh 138
141 Ordnance Closeouts/S5009 24h Oh 140
142 Pre-Launch Hypergolic Propellant Loading Operations/30024! 64h bh
143 Propellant Loading Operations/S0024 40h Oh 141
144 Propeliant Loading Closeouts/S0024 24h Oh 143
145 Ordnance Installation Operations - Part 2! 48h Oh
145 SRSS System Test 8h Oh 144
147 Ordnance Connect/PIC Resistance Checks/S5009 16h Oh 146
148 Ordnance Closeouts/S5009 24h Oh 147
149 LOX System Dewpoint and Conditioning/81005! 6.5h 7.75n 148
150 SSME Thrust Cover Removal/Drain Line Adapter instaliation/V5057 2h 4h 147 Tech,QC
151 Rocketdyne Tech on Station for Dewpoints 2.75h 2.75h 150 Tech
152 Orbiter and ET 01 Power-Up 0.5h oh 150
153 SSME Trickle Purge Securing 1h 1h 152 Tech
154 MPS 750 psi Pneumatics Activation 1.5h oh 152
155 ET LOX Tank, SSME, TSM Vent and Engine Bleed Dewpoint 1.5h Oh 153
156 Main Fill and Drain Dewpgint 1.75h Oh 154
157 LOX ET Pressure Maintenance 2.5h Oh 154
158 LH2 System Dewpoint and Conditioning/81006! 9.5h 6h 149
159 LH2 and MPS/SSMEC Power-Up 2h 6h 150 QC.Engr[2]
160 ET/Orbiter Purge and Sample 5h oh 159 ‘




Table 16. VAB rollin to launch tasks (Continued).

) Task Nams |  Duration | Work | Predecessors | Resource Namess
161 Transfer Line Purge and Sampie 1.5h Oh 160
162 Vaporizer Purge 1h Oh 161
163 Orbiter Aft Closeout/$1287! 100h 290h 148
164 At Confidence Test - Pre-Door Installation 12h Oh 148
165 SSME MCC Polishing 8h 24h 164 Tech,QC,Safety
166 TVC Actuator Flight Closeout and Insulation Installation/V5057 34h 102h 164 Tech[2],QC
167 MPS Engineering Verification and Walkdown 8h Oh 164
168 MPS Initial Preps for Flight/V9018.001 8h oh 167.
169 PD15/PD16 ET Standby Pressure Manitor Securing 8h oh 167
170 EMHS Insulation Inspection per V41BU0.420 ‘ 8h 24h 168,169 Tech,QC Safety
7 SSME Engineering Walkdown 8h 40n 170 Engr(5]
172 SSME Initial Preps for Flight/V9018.001 8h 24h 171 Tech,QC Engr
173 SSME Quality Waikdown per V41BU0.070 16h 32h 171 Tech,QC
174 " MPS VJ Line Checks/V8019 8h Oh 173
175 Verify Midstroke Locks Removed oOh oh 173
176 LPFD Bagdie Installation 6h 18h 173 Tech,QC,Engr
17 LPFD Baggie Leak Check per V41BU0.380 2h 10h 176 Tech,QC[2],Engr[2]
178 EMHS Debris Shield Removal 8h 8h 177 Tech
179 MPS Protective Cover Removal/V35-00002 16h Oh 176,174
180 SSME Protective Cover Removal/V5057 8h 8h 179 Tech
181 MPS Solenoid Protective Cover Removal/V35-00003 8h Oh 179
182 Install Aft 50-1/50-2 Doars for Flight 4h Oh 181,180,181
183 MPS Functional Verification for Flight - Past-Door Installation/V9018.001 8h oh 181
184 $0007 Launch Countdown Operations! ‘ 364.87h 137.85h
185 80007 Launch Countdown Preps! 80h 36h 163
186 $0007 Launch Countdown Preps 80h Oh 163
187 SSME Drag On Panel Purge Preps/S0007VL1 POSU 8 12h 36h Tech,QC,Engr
188 50007 Seq 14: T-43 hours to T-11 hours! 64h 6.25h 163,186 QC.Engr[2]
189 S0007 Seq 15: T-11 hours to T-6 hours! 7h 21h 188 QC.Engr[2]
190 $0007 Seq 16: T-6 hours to Launch! 8.87h 26.6h 189 QC Engr(2]
191 Shuttle Liftoffl! oh Oh 190
192 $0007 Seq 17: Post-Launch Securing Operations 16h 48h 191 QC.Engr[2)
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Table 17. Example of detailed data for scheduled processing in OMEF.

D Task Name | Duration ] Work | Predecessors | Resource Names
1 SSME Inspections in Engine Shop (continued)/V1011.02! 67.98h 135.75h
2 External inshectiohsl 67.98h 36h
3 Perform Nozzle External Inspections per V41BU0.030 8h 24h Tech,QC,Engr
4 Perform Liquid Air Insulator Inspections per V41BU0.033 2h 4h 3 QC,Engr
5 Perform Main Injector LOX Post Bias Checks per V41BU0.034 4h 8h 4 QC,Engr
6 MCC and Nozzle Inspections! 17.5h 34.5h
7 Install Thrust Chamber Protective Liner 0.5h 0.5h Tech
) Perform Post-Flight Nozzie Inspections per V41BU0.353 2h 4h 7 QC Engr
9 Perform Post-Flight MCC Liner inspection per V41BU0.351 4h 8h 8 QC,Engr
10 Perform Post-Flight MCC Liner Polishing per V41B10.351 8h 16h 9 Tech,QC
H Post-Palishing MCC Liner Inspection per V418U0.351 1h 2h 10 QCEngr
12 Perform MCC Bondline Ultrasonic Inspection per V418U0.031 2h 4h 1 QC,Engr
13 Internal inspectionsi ' 16.25h 65.25h 6
14 Perform Flow Recirculation [nhibitor Inspection per V41BU0.040 1h 1h Engr
15 Perform Main Injector Face Side Inspections per V418U0.040 4h 4h 14 Engr
16 Perform Main Combustion Chamber Inspections per V41BU0.040 2h 4h 15 QG Engr
17 " Perform Fuel Preburner Internal Inspection per V41BU0.040 4h 8h QC,Engr
18 Perform Oxidizer Preburner Internal Inspections per V41B1i0.040 4h 4h Engr
19 Perform Main Injector internal Inspections per V41BU0.040 4h 4h 17,18 Engr
20 Verify Heat Exchanger Coils internal inspection performed per V5E02 0.25h 0.25h 19 ac
21 Perform HPFTP Internal Inspections per V41BU0.075 8h 24h Tech,QC,Engr
22 Perform HPOTP Internal inspections per V41BU0.065 8h 16h Tech,Engr
D Task Name | Duration | Work | Predecessors | Resource Names
1 HPFTP Post-Flight Tarque Check/V1011.03 Run 1! 3.5h 10.5h
2 Remove HPFTP Thrust Bearing Housing @ Joint F3.1 0.5h 1.5h Tech,QC,Engr
3 Install HPFTP Torque Tool 0.5h 1.5h 2 Tech,QC,Engr
4 Perform HPFTP Torque Check per V41850.020 0.5h 1.5h 3 Tech,QC,Engr
5 Perform HPFTP Shaft Position and Axial Travel per V41BS0.020 1.5h 4.5h 4 Tech,QC,Engr
6 Install Protective Cover @ HPFTP Joint F3.1 0.5h 1.5h 5 Tech,QC,Engr
D Task Name | Duration | Work ] Predecessors | Resource Names
1 HPOTP Post-Flight Torque Check/V1011.03 Run 1! 3.75h 11.25h
2 Remove HPOTP Torque Access Plate @ Joint 09.1 0.25h 0.75h Tech,QC,Engr
3 Perform HPOTP Torque Check per V41BS0.040 0.5h 1.5h 2 Tech,QC,Engr
4 Perform HPOTP Shaft Travel Measurement per V418S0.044 2h 6h 3 Tech,QC,Engr
§ Perform PBP Impeller Bolt Lock Inspection per V41BS0.043 0.5h 1.5h 4 Tech,QC,Engr
6 Install HPOTP Torque Access Plate @ Joint 09.1 0.5h 1.5h 5 Tech,QC,Engr




APPENDIX C—Unscheduled SSME Operations Data

Figures 2024 and tables 18—19 present the detailed data collected from SSME processing experi-
ence at KSC relative to unscheduled activities. Figures 20-24 present the remaining unscheduled process-
ing classification types. The sixth, base R&R, is presented in section 5. Following these figures, an un-
scheduled summary data table (table 18) is presented. Finally, an example of the existing level of detail
supporting the flow layouts is presented in table 19.

Wednesday Thursday] Friday | Saturday | Sunday |

Duration y
D (hr) | Man-hr (4/12(8 |4 ' 12[8 4 12]8 4r12| |4'12]8[4'12
1 2443 | 1 ' 1) wh—— MR Accept Performance Tlmel'
2 025 | 025 ; QC :Determine PR Condition |
3 025 : 025 ! QC rinitiate PR Paperwork «
4 05 f 05 | ‘ 05h ! Apply MR ID (if Required) ;
5 05 0.5 : 0.5h=« MR Accept Administative Time!: !
6 05 05 | ! Engr 1 QE Research/Validate PR | !
7 11.98 | 12 f 12h sy MR Accept Dlagnostlcs Time! ;
8 8 8 ! Engr ./ Engr/Mgt Review, Assess PR ;
9 4 4 ; « Engr .31 Engr/Mgt Determine Corrective Action |
10 13.9 0 ; : Oh ey MR Accept Delay Time! :
11 1 0 i E oEngr Disposition PR/MR Accept Rationale
12 8 : 0 ; E C—1Engr Route PR through Signature Loop
13 2 0 : f Oh o Engr Disposition PR Closure :
14 05! 0 | ! ! Oh1 QE Close PR ]

Figure 20. Base MR accept.

Duration y |Wednesday| Thursday | Friday | Saturday | Sunday |
ID | (hr) | Man-hr (4112784 :12]8 [ 4 12!8 4'12[ I4'12[a]4'12
1| 3342 1 5 1hw v MR Repaereﬁormance Tlme!
2 025 ; 025 ! 0.25h : Determme PR Condition ; :
3 025 : 025 | 0.25h pinitiate PR Paperwork I :
4 0 0 ; 3 . ® Time/Resources for Correctlve Action (Varies)
5 05 05 : ' 1 0.5h ¢ Apply MR 1D (if Required) !
6 | 1198 | 12 i 112h wemmmmy Mr Repair Diagnostics Time! i
7 8 8 ; i 8h .1 Engr/Mgt Review, Assess PR 1
8 4 4 ; ! 4h [ Engr/Mgt Determine Corrective Actidn
9 32.43 12.5 ' 12.5h wee—— MR Repair Adminstrative T*me!
10 05 @ 05 ! 0.5h 1 QE Research/Validate PR .
1 4 | 4 ! ! 4h D Engr Disposition PR/MR Repair Rationale (Varies)
12 8 . 8 | i :8h —1Engr Route PR through Signature Loop
13 25 | 0 : ! i Ohw MR Repair Delay Time! !
14 2 0 E E E Oh o Engr Disposition PR Closute
15 05 ! 0 i j : Oh 1 QE Close PR .

Figure 21. Base MR repair.
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Duration Wednesday| Thursday | Frida Saturday | Sunday |

ID |"(hry | Man-hr G927 8 4 12]8 4 .12]8 |4 [12]8 [4,12[8 4 12
1 0.48 0.5 | 0.5h ¥ PR Performance Time : :
2 0.25 0.25 | 0.25h 1 Determine PR Condition ,’ l
3 025 | 025 | . 0.25h 1 Initiate PR Paperwork | |
4 05 05 | 0.5h ¥ PR Administrative Time : :
5 05 05 | 0,5h | QE Research/Vaildate PR I I
6 5 5 | '5h we=y PR Diagnostics Time ! !
7 4 4 | | 4h == Engr/Mgt Review/Assess PR | !
8 1 1 I ' 1hp Engr/Mgt Determine Corrective Action |
9 9.48 9.5 | | 9.5h vy PR Delay Time } :
10 4 4 : ! 4h — Engr Disposition PR ! !
1 4 4 : | 4h —|Engr Rt PR through Signature Loop |
12 1 1 : : 1h o Engr Disposition PR Closure :
13 0.5 0.5 : ! 0.5h {f Engr Disposition PR Closure !

Figure 22. Base PR accept.

Duration Wednesday| Thursday | Friday | Saturday | Sunday |

D | (hr) | Man-hr fg742T 8 [4;12[8 (4 (12]8 |4 (12[8 [4 :12[8 |4 {12
1] 69| 05 [ 0.5h v=¥ PR Performance Time ! E
2 0.25 0.25 : 0.25h § Determine PR Condition i :
3 0.25 0.25 i 0.25h ¢ Initiate PR Paperwork i :

4 0 0 i i # Time/Resources for Corrective Action (Varies
5 2 2 | 1 2h =y PR Diagnostics Time ! i
6 1 1 ; ! 1hi Engr/Mgt Review/Assess PR | i
7 1 1 i i 1h1 Engr/Mgt Determine Corrective Action ;
8 6.5 45 ; 4.5h we==y PR Administrative Time | '
9 05 05 | ! 0.5h 1 QE Research/Vaiidate PR ! ;

10 0 0 : i & Engr Disposition PR (Varies with Repair Classifi
11 4 4 ' i 4h = Engr Rt PR through Signature Loop |
12 15 0 i i Oh =w PR Delay Time i i
13 0 0 | ! ! Ohg Engr Disposition PR Closure! |
14 05 0 | i OhnQE Close PR ; i

Figure 23. Base PR repair.

Duration: Wednesday| Thursday | Friday [ Saturday | Sunday |

ID | (hr) : Man-hr (3745784 12]8 4 12]8 |4 :12]8 4 128 |4 12
1 048 ¢ 05 E 0.5h =¥ Waiver Performance Time i !
2 025 { 025 ' 0.25h 1 Determine PR Condition i |
3 025 025 | i 0.25h 1 Initiate PR Paperwork ; i
4 05 05 | | 0.5h=» Waiver Administrative Time | :
5 05% 05 | 0.5n y QE Research/Vaildate PR ; :
6 | 1198 12 | ! 12h ey Waiver Diagnostics Time | i
7 8 | 8 | ! | 8h —= Engr/Mgt Review/Assess PR i
8 4 4 ; i 4h = Engr/Mgt Determine Corrective Action |
9 165 0 | ' Oh W=y Waiver Delay Time :
10 13 0 ! i Oh 1 Engr Disposition PR/Waiver Rationale

11 12 0 |1 ! Oh === Engr Rt PR/Waiver Rationale throug
12 1 0 | : ! Oh o Waiver Presentation :
13 2 i 0 | ; ! Oho Engr Disposition PR Closure |
14 05 ! 0 | ; i Ohy QEClosePR | ;

h Signature

Figure 24. Base waiver/exception.

w/PR Classification)
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Table 18. SSME unscheduled processing summary.

Tech ac Engr Engr
Base Base Base Base Total Toch Qc Perf Engr Total Total No. No. No.
D SSME PR Classification Base Pert Pert Perf
Pert Part Diag Admin MHrs MHrs Mirs MHrs MHrs MHrs Techs QCs  Engrs
MHrs MHrs MHrs MHrs
1 | 48hr Drying OMRSD Waiver 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
2 | AFV Filter R&R 0 0.5 2 6.5 9 1 1 85 10.5 19.5 1 1 1
3__| Baggie Hose R&R 0 0.5 2 85 9 1.25 1.25 0 2.5 11.5 1 1 0
4 | Baggie Hose Repair 0 0.5 2 45 7 1 1 0 2 9 1 1 0
§ | Baggie R&R 0 0.5 2 6.5 9 1.5 15 0 3 12 1 1 0
___ 6 | Baggie Repair 1} 0.5 2 4.5 7 0.75 0.75 0 1.5 8.5 1) 1 0
7 | Battery R&R 0 0.5 2 6.5 9 1.25 1.25 0 25 115 1 1 0
8 | Burst Diaphragm R&R 0 05 2 6.5 9 0.5 05 0 1 10 1 1 0
9 | Contamination MR Repair 05 05 12 12.5 255 1.25 1.25 0 2.5 28 1 1 0
10 | Contamination Repair 0 05 2 45 7 1.75 1.75 0 35 10.5 1 1 ]
11 _ | Gontamination/Corrosion Accept 0 05 5 0.5 6 0 1] 0 0 6 1] 0 0
12 __| Contamination/Corrosion MR Accept 0.5 0.5 12 0.5 13.5 1] 1] 1] 0 135 0 0 0
13 _ | Contamination/Corrosion Waiver 0 0.5 12 05 13 0 ol ey 0 13 0 0. 0]
14 | Controller R&R: Post-FRT e BN 0 1R 2 65 9 1545 74.25 93.25 322 331 na LE na
15 | Controtler R&R: Pre-FRT 0 0.5 2 6.5 9 355 145 13 63 | 72 |na na na
16 | Coolant Diffuser R&R 0 0.5 2 6.5 9 2 2 0 4 13 1; 1 0
17 | Coolant Duct R&R 0 0.5 2 6.5 9 2 2 ] 4 13 1 1 0
18 | EDNI Accept 0 0.5 5 0.5 6 0 0 0 0 6 0 0 0
19 | EDNI MR Repair 0.5 0.5 12 125 255 55 5.5 0 11 36.5 1 1 0
20 |EDNIR&R o 0 0.5 - 2 6.5 9 7 7 0 14 23 1 1 0
21__| EDNI Repair 0 0.5 2 4.5 7 6 6 0 12 19 1 1 0
22 | Elliptical Plug R&R 0 0.5 2 6.5 9 1 1 1] 2 1 1 1 0
23 | Engine A bly R&R 0 0.5 2 6.5 9 8 8! 8.5 245 335 1 1 1
24 | Engineering Change 0 0.5 12 05 13 0 0 0 0 13 0 1 0
25 | Flange Sealing Surface MR Repair 05 0.5 12 125 255 35 35 24.5 315! 57 1 1 1
28_ | Flange Sealing Surface Repair 0 0.5 2 45 7 4 4] 6.5 145 21.5 1 1 1
| 27 | FPB Oxidizer Supply Duct R&R: Post-HPQTP 0 0.5 2 65 | 9| 22.5 | 145 1 38 47 |na na na_
28 | FPB Oxidizer Supply Duct R&R: Pre-HPQTP 0 0.5 2 65 9 13 g 0 22 31 [na na na
29 | Fuel Bleed Duct R&R 0 0.5 2 6.5 9 5 5 0 10 19 1 1 0
30 | Functional Failure Accept [1] 0.5 5 05 6 0 0 0 o} 6 0 [1] 0
31 | Functional Failure Clean/Adjust 0 0.5 2 4.5 rA 4 4 0 8 15 1 1 0
32 | Functional Failure MR Accept 0.5 0.5 12 05 13.5 0 0 0 0 135 0 0 0
33 | Functional Failure Reperform/Retest 0 0.5 2 45 7 2.5 25 0 5 12 1 1 0
34 | Functional Failure Waiver 0 0.5 12 0.5 13 0 OJ 0 0 13 0 0 0
35 | GCV Assembly R&R 0 0.5 2 6.5 9 3 3 0 6 151 na na na
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Table 18. SSME unscheduled processing summary (Continued).

Tech ac Engr Enor Total Tech Engr Total

Base Base Base Base QC Perf Total No. No. No.
D SSME PR Classification X . Base Pert Perf Perf

Peart Perf Diag Admin MHrs MHrs MHrs MHrs MHrs MHrs Techs QCs  Engrs

MHrs MHrs MHrs MHrs
36 | Hardware Configuration Accept 0 0.5 5 05 6 0 0 0 0 6 0 0 0
37 | Hardware Configuration MR Accept 0.5 0.5 12 05 135 0 0 0 0 13.5 0 0 0
38 | Hardware Configuration MR Repair 0.5 0.5 12 12.5 255 25 25 0 5 30.5 1 1 0
39 | Hardware Configuration Reinstaliation 0 0.5 2 45 7 3 3 0 6 13 1 1 0
40 | Hardware Configuration Waiver 0 0.5 12 05 13 0 0 0 0 13 0 0 0
41 | Hardware Crack/Weld Defect MR Repair 8.5 0.5 12 12.5 255 7.5 75 0 15 40.5 1 1 0
42 |[Hardware Crack/Weld Defect Repair 0 0.5 2 4.5 7 8 8 0 16 23 1 1 0
43 | Hardware Damage Accept 0 0.5 5 05 6 0 0 0 0 6 0 0 0
44 | Hardware Damage MR Accept 05 05 12 0.5 135 0 0] 0 1] 135 0 0 0
45 | Hardware Damage MR Repair 0.5 0.5 12 12.5 25.5 3.5 35 0 7 325 1 1 0
46 | Hardware Damage Repair 0 05 2 45 7 4 4 0 8 15 1 1 0
47 | Hardware Damage Waiver 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
48 | Harness Accept )] 0.5 5| 05 8] 0 | 0 6 0 0 0
49 | Harness MR Accept 0.5 0.5 12 05 135 0 0 0 0 135 1 0 0
50 | Harness MR Repair 0.5 0.5 12 12.5 25.5 2 2 0] 4 295 1] 1 0
§1 _|Harness R&R: Post-FRT 0 0.5 2 6.5 9 1] 4 4 19 28 |na na na
52 | Harness R&R: Pre-FRT 0 05 2 6.5 9 3 3 0 __ 6 _15) 1 1 0
53 | Harness Repair 0 0.5 2 45 7 25 2.5 0 5 12 1 1 0
54 | Heat Shield Clip/Bracket R&R 0 0.5 2 65| 9/ 1 1 0 2 11 1 1 0]
55 | Hot Gas Manifold R&R 0 0.5 2 6.5 9 4 4 8.5 16.5 255 1 1 1
56 | HPFD R&R: Pad = 0 05| 2 6.5 9 70.75 2725 9 17 116 | na na na
§7 |HPFD R&R: Shop Post-FRT 0 0.5 2 6.5 9 37.25 26.75 8 72 81 | na na na
58 |HPFD R&R: Shop Pre-HPFTP R&R 0 0.5 2 6.5 9 23.25 13 25 38.75 ¢ 47.75 |na na na
59 | HPFTP Bellows Shield R&R 0 0.5 2 6.5 9 2 2 0 4! 13 1 1 0
80 |HPFTP R&R: Pre-R&R 0 05 2 6.5 9 0 0 0 0! 9|na na na
61 | HPFTP Thrust Bearing Housing R&R 0 0.5 2 6.5 9 8 8 0 16 25 1 1 0
62 | HPOTP Preburner Volute R&R 0 0.5 2 6.5 9 16 16 0 32 41 1 1 0
83 | HPOTP R&R: Pre-R&R 0 0.5 2 6.5 9 ] 0 0 0, 9|na na na
64 | HPOTP Turbine Housing R&R 0 0.5 2 6.5 9 2 2 0 4! 13 1 1 0
65 | HPV Assembly R&R 0 0.5 2 6.5 9 8 8 0 16 25 1 1 0
66 | Hydraulic QD R&R 0 0.5 2 6.5 ] 6 6 0 12, 21 1 1 0
67 |Igniter R&R 0 0.5 2 6.5 9 2 2 0 4 T 13 1 1 0
68 |Line Assembly R&R 0 0.5 2 6.5 9 5 5 0 101 19 1 1 0
89 | LOX Post Support Pin R&R 0 0.5 2 6.5 9 0 10 8.5 18.5 275 0 1 1
70 | LPFD R&R: OPF/Pad 0 0.5 2 6.5 9 64.75 24.75 55 95 104 | na na na
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Table 18. SSME unscheduled processing summary (Continued).
Tech ac Engr Engr
Base Base  Base Base Total Tech ac Part Engr Total Total No.  No. No.
1D SSME PR Classification X Base Perf Port Pert
Perf Perd Diag Admin MHrs MHrs MHrs MHrs MHrs MHrs Techs QCs  Engrs
MHrs MHrs MHrs MHrs
71 _[LPFD R&R: Shop Pre-HPFTP R&R 0 05 2 6.5 9 235 1.5 25 375 46.5 [na na na
72 | LPFT Discharge Duct R&R 0 0.5 2 6.5 9 26 10 1] 36 45| na na na
73 [LPFT Drive Duct R&R 0 05 2 65 9 25 10 0 35 44 Ina na na
74 | LPFTP R&R [\] 05 2 65 9 53.5 29 115 94 103 [ na na na
75 [LPOD R&R 0 05 2 65 9 57.25 26.25 4 875 96.5 |na na na
76 |LPOTP R&R 0 0.5 2 6.5 9 52.5 28.5 13 94 103 | na na na
77 _j Main Injector Assembly R&R 0 0.5 2 6.5 9 4 4 8.5 16.5 255 1 1 1
78 | MCC Assembly R&R 0 05 2 6.5 9 4 4 85 16.5 255 1 1 1
79 | MCC Roughness Repair » 0 05 2 45 7 4 4 6.5 14.5 215 1 1 1
80 | Miscellaneous Hardware Config. MR Repair 0.5 0.5 12 125 255 2 2 0 4 295 1 1 0
81 | Miscellaneous Hardware Config. Repair 0 0.5 2 45 7 25 25 0 5 12 1 1 0
82 | Miscelianeous Hardware Damage MR Repair 05 0.5 12 125 25.5 2 2 0 4 295 1 1 0
83 | Miscellangous Hardware Damage Repair 0 0.5 2 45 7 25 25 0 5 12 1 1 0
84 | Miscell Hardware R&R 0 05 2 6.5 9 6 6 0 12 21 1 1 0
85 | MOVA R&R: Pad 0 0.5 2 6.5 9 795 50.25 62.75 1925 2015 na na na
86 | MOVA R&R: Shop 0 0.5 2 6.5 9 - 29.25 18.75 3.5 51.5 60.5] na na na
87 | Nozzie FRI R&R 0 05 2 6.5 9 2215 119.25 54 394.75 403.75 | na na na
88 | Nozzle R&R: Post-Testing 0 05 2 65| 9 245 13376 65 443.75 452.75 |na na na
89 | Nozzle R&R: Pre-Testing 0 0.5 2 6.5 9 2135 111.25 54 378.75 387.75 [ na na na
90 | Nozzle TPS MR Repair 05 0.5 12 12.5 255 55 55 0 1 36.5 1 1 0
91 | Nozzle TPS R&R 0 05 2 6.5 9 8 8 0 16 25 1 1 0
82 | Nozzle TPS Repair i 0 0.5 2 45 7 4 4 0 8 15 1 1 0
93 | Nozzle Tube Leak MR Accept/Waiver % 0 0.5 12 0.5 13 0 0 0 0 13 0 0 0
94 | Nozzle Tube Leak MR Repair 05 05 12 125 255 7.5 75 245 395 65 1 1 1
95 | OPB Oxidizer Supply Duct R&R ) 0 0.5 2 6.5 9 6 4 0 10 19| na na na
96 | Orifice R&R 0 0.5 2 65 9 2 2 0 4 13 1 1 0
97 | PCA Assembly R&R 0 05 2 6.5 9 12 12 4] 24 33 1 1 0
98 | Pogo Baffle R&R 0 0.5 2 65 9 51.25 2425 4 795 88.5 | na na na
99 | Powerhead Assembly R&R _ 0 05 2 65 9 4 41 85 16.5 255 1 1 1
100 | Requirement/Documentation Change 0 05 12 0.5 13 0 0 4] 0 13 0 0 0
101 | RIV Assembly R&R 0 0.5 2 6.5 9 6.75 6.75 0 13.5 225|na na na
102 | Seal R&R 0 05 2 6.5 9 1 1 0 2 11 1 1 0
103 | Sensor Accept 0 05 ) 0.5 6 0 0 0 0 6 0 0 0
104 | Sensor Mount R&R 0 0.5 2 __ 65 9 1 1 0 2 11 1 t 0
105 | Sensor MR Accept 05 0.5 12 05 135 0 0 1] 0 135 [1] 0 [
108 | Sensor R&R: Post-Checkouts 0 0.5 2 6.5 9 19 8 8 35 44| na na na
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Table 18. SSME unscheduled processing summary (Continued).

Tech ac Engr Engr Total Tech En T
Base Base Base Base QcC Perf or otal Total No. No. No.
[} SSME PR Classification Ped Pert Diag Admin Base Perf MHrs Pert Pert MHrs Techs QCs  Engrs
MHrs MHrs MHrs MHrs MHrs MHrs MHrs MHrs
107 | Sensor R&R: Pre-Checkouts 0 05 2 6.5 9 1] 1 0 2 11 1 1 0
108 | Sensor Repair 0 05 2 45 7 25 25 0 5 12 1 1 0
108 | Stud/Bolt R&R 0 0.5 2 6.5 9 3 3 0 6 15 1 1 0
110_| Surface Corrosion MR Repair 0.5 0.5 12 125 25.5 35 35 0 7 325 1 1 0
111 | Surface Corrosion Repair 0 0.5 2 45 7 4 4 0 8 15 1 1 0
112 | Surface Discoloration MR Repair 0.5 0.5 12 12.5 255 3.5 35 0 7 325 1 1 0
113 | Surface Discoloration Repair 0 0.5 2 45 7 4 4 0 8 15 1 1 0
114 | Threads Damage Repair 0 05 2 45 7 3 3 0 6 13 1 1 0
115 | TVCA Pin R&R L 0 0.5 2| 6.5 9 5 5 0 10 19 1 1 0
116 | Valve Actuator R&R: Pad Post-Testing 0 0.5 2 6.5 9 99.5 63 74 236.5 2455 | na na na
117 | Valve Actuator R&R: Pad Pre-Testing 0 0.5 2 6.5 9 48251 315 1475 95.5 104.5 [na {na na
118 | Valve Actuator R&R: Shop Pre-Testing 0 05 2 65 9 49.25| 31.5 14.75 95.5 104.5 | na na na
119 | Valve R&R: Pad 0 0.5 2 6.5 9 127.75! 80.25 935 301.5 3105 | na na na
120 | Valve R&R; Shop Post-Testing 0 0.5 2 6.5 9 127.75 . 80.25 93.5 301.5 310.5 {na na na
121 | Valve R&R: Shop Pre-Testing 0 0.5 2 6.5 9 775 4875 18.25 1445 153.5 | na na na
122 | HPFTP R&R: Post-R&R 0 05 2 6.5 9 197 122.75 56 375.75 384.75 [na na na
123 | HPOTP R&R: Post-R&R 0 0.5 2 6.5 9 2395 142.25 53.25 435 444 ina na na
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Table 19. Example of detailed data for unscheduled processing.

D Task Name | Duration | Work | Predecessors | Resource Names
1 LPFTP Removal and Replacement/V5E24] 37.5h 94h
2 LPFTP GSE Removal Preps!| 2h 6h
3 Verity Proofload 2h 4h Tech,QC
4 Perform LPFTP Receiving Inspection 1h 2h Tech,QC
5 LPFTP Removal Prepsi 20.5h 25.5h
6 LAl Remaoval 2h 2h Tech
7 Disconnect LPFTP Drain Line @ Joint D17 0.5h 0.5h 6 Tech
8 Disconnect LPFD @ Joint F2 3h 3h 7 Tech
9 Support LPFD 0.5h 0.5h 8 Tech
10 Disconnect LPFT Drive Duct @ Joint F8 3h 3h 9 Tech
1 Support LPFT Drive Duct 0.5h 0.5h 10 Tech
12 Disconnect LPFT Discharge Duct @ Joint F9 3h 3h 1 Tech
13 Support LPFT Diécharge Duct 0.5h 0.5h 12 Tech
14 Demate Connectors @ LPFT Speed Transducer Joint F1.1 1h 1h 13 Tech
15 Install Handler Sling 1h 1h 14 Tech
16 Reference Check Joints F2, F8 and F8 5h 10h 15 Tech,QC
17 Horizontal Handler Removal Preps 0.5h 0.5h 16 Tech
18 LPFTP Removat from Engine! 725h 23.5h 5
19 Establish Safety Clears for LPFTP Removal 0.25h 1.5h Tech{3],QC,Safety Engr
20 Connect J-Hook to Handler Sting 1h 6h 19 Tech[3],QC,Safety,Engr
21 Lower LPFTP to Floor 1h 6h 20 Tech([3],0C Safety,Engr
22 Install LPFTP into Shipping Container 5n 10h 21 Tech,QC
23 LPFTP Installation| 2.25h 13.5h 21
24 Establish Safety Clears for LPFTP Installation 0.25h 1.5h Tech[3],QC, Safety,Engr
25 Connect J-Hook to Handler Sling 1h 6h 24 Tech([3],QC,Safety,Engr
26 Instalt LPFTP onto Engine 1h 6h 25 Tech[3].QC,Safety Engr
27 LPFTP Securing! 11.5h 24 5h 23 »
28 Torque and Stretch Joint F9 2h 4h Tech,QC
29 Torque and Stretch Joint F8 2h 4h 28 Tech,QC
30 Torque and Stretch Joint F2 2h 4h 29 Tech,QC
31 Install LPFTP Speed Transducer @ Joint F1.1 1h 2h 30 Tech,QC
32 Perform Electrical Connector Mates 2h 4h 31 Tech,QC
33 Secure LPFTP Drain Line @ Joint D17 0.5h 1h 32 Tech,0C
34 Perform LPFTP Torgue Check 1.5h 4.5h 33 Tech,QGC Engr
35 RTV Bolt Heads @ Joints F2, F8 and F9 and Reinstall LAl 0.5h 1h 34 Tech,QC
36 Retest Verification! 1h 1h 27 Engr




APPENDIX D—Pertinent SSME Results From Analysis of Data Collected

Figures 25-28 present examples of the fidelity of results supported by the data collected. These
results, of course, apply to SSME processing and are subject to the assumptions, ground rules, and constraints
described in section 5.

VAB Operations 85;;?;';2
- 0,
(54 man-hr) 0% (343 man-hr) 3%
OPF Rollout Preps SSME Inspections (OPF)
(71 man-hr) 1% Pad Operations 492 man-hr) 4%
1,126 man-hr) 10% .
Interface Verification ( / Heat Shield R&Ro
(307 man-hr) 3% P (1,335 man-hr) 12%
]
ShopFRT's & __ o F ] 20008 SSME R&R
02 _I,.1eak cnﬁcﬁw H H-+ (1,189 man-hr) 11%
,271 man-hr) 11% ‘
SSME Inspections (Shop)
HPTP R&R (1,267 man-hr) 11%

(3,624 man-hr) 34%

*Based upon three-engine processing

Figure 25. Total SSME manhours by process type.*
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APPENDIX E—Reliability of Engine Sets With Engine Out Capability

The reliability estimates of future launch vehicles can be further refined upon receipt of more
accurate estimates of engine reliability, catastrophic failure probabilities, coverage time, and trajectory
requirements. This is a discussion of the effect of engine out capability and time of engine out on the
reliability of aerospace vehicles. This study looks at sample data, sets out basic formulas, and presents
results related to the issue of engine out. For the purpose of this study, only engine data will be considered.
Upstream component reliabilities such as tanks, feed systems, power systems, etc. will be omitted.

Certain definitions are important to this discussion. Engine failure is failure to provide the level of
thrust desired at the time desired. Catastrophic failure in an engine is a failure that results in a failure of a
second engine in an engine set. Benign failure is the proportion of failures where failure does not result in
catastrophic failure. Time of engine out refers to the time at which an engine can be shut down and the
remaining engines will still provide the necessary thrust to achieve the desired orbit. Time of engine out
refers to a known event.

Engine out capability is generally believed to provide increased overall engine set reliability. For
example, using a binomial distribution27-28 {0 analyze the example of three engines with one engine out at
launch is as follows:

R = p" + np"-1(1-p); where R is the engine set reliability, p the engine reliablity, and n the number
of engines with one engine out capability.

A comparison between a two-engine set with no engine out capability and a three-engine set with
one engine out capability is presented in table 20.

Table 20. Engine out capability comparison.

Engine Two Engines/ | Three Engines/
Reliability No Out One Out
(R (R=p2) (R
0.95 0.903 0.993
0.97 0.941 0.997
0.99 0.98 0.9997
0.999 0.998 0.999997

With a baseline engine reliability at the above values, there is a significant gain displayed by a
three-engine set with one engine out as opposed to the two-engine set with no engine out capability. The
gain diminishes as the engine reliability improves.
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This analysis is now expanded. The cases need to be examined where catastrophic failure fraction

and coverage times are varied. The formula that incorporates time of engine out and benign failure fraction
ig-29
is:

Rgo =S"T/R[1+T,1bn(R—<-1)] .
The parameters in the formula are:

R = Engine reliability

Rgo = Engine set reliability

S = Startup reliability

T4 = Throttle-down reliability
T, = Throttle-up reliability

b = Benign failure fraction

¢ = Coverage

n = Number of engines.

For the following analysis, the formula will be simplified by setting both the throttle reliability and
and startup reliability to 1. It is assumed, in this case, that throttling is accomplished within design margins
and that startup reliability is ensured by some event such as holddown, both reasonable assumptions.

One study of the SSME30 has suggested that such a catastrophic failure could occur in the main
engines approximately 17 percent of the time (benign failure fraction of 83 percent). This is derived data
based on a small amount of data—almost all main engine tests have occurred singly and the study concluded
that only 3 of 17 failures could have resulted in a second engine failure. This conclusion was generated
based on the incidence of explosions and test stand damage that occurred. The small amount of data,
typical in the aerospace industry, makes it difficult to draw definitive conclusions or to use confidence
intervals.

Another factor to be considered in overall engine set reliability is the time of engine out. If all three
engines are needed for 100 sec of flight and then only two are necessary to obtain orbit, this time of engine
out translates to an increased reliability for the engine system.

With example engine reliability, table 21 can be generated. Two conclusions can be drawn. First the
probability of catastrophic failure rather quickly degrades the increase of reliability gained due to engine
out capability. From table 21, at 0.97 reliability and engine out at time 0, a catastrophic failure probability
increase from 0.1 to 0.25 results in a decline in reliability from 0.9889 to 0.9762 for the three-engine case.
Still, this is considerably higher than the two-engine, no out case reliability of 0.941.

Second, it is evident that reliability can be gained if some engine out time is possible. For example,
if engine out is possible for two-thirds of the flight (0.97 engine reliability and 0.2 catastrophic failure
factor), then the reliability goes from 0.913 to 0.9578—a significant gain. Note that the engine reliability at
t=1 for all catastrophic failure factor values is equal to the n engines/no out capability since this is equivalent
to all engines being necessary for the full-duration flight.
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Table 21. Engine out and time of engine out comparison.

Engine Catastrophic Enpine Qut Three Engines/
Reliability Failure Probability Time One Out Reliability

0.95 01 0 0.9792
0.33 0.9383

0.67 0.8969

1 0.8574

0.2 0 0.9657

0.33 0.9293

0.67 0.8925

1 0.8574

0.25 0 0.9589

0.33 0.9248

0.67 0.8903

1 0.8574

0.97 01 0 0.9889
0.33 0.9635

0.67 0.9376

1 0.9127

0.2 0 0.9804

0.33 0.9578

0.67 0.9348

1 0.9127

0.25 0 0.9762

0.33 0.9550

0.67 0.9334

1 0.9127

0.99 0.1 0 0.9968
0.33 0.9880

0.67 0.9790

1 0.9703

0.2 0 0.9938

0.33 0.9860

0.67 0.9780

1 0.9703

0.25 0 0.9924

0.33 0.9850

0.67 0.9776

1 0.9703

0.999 0.1 0 0.9997
0.33 0.9988

0.67 0.9979

1 0.9970

0.2 0 0.9994

0.33 0.9986

0.67 0.9978

1 0.9970

0.25 0 0.9992

0.33 0.9985

0.67 0.9977

1 0.9970
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